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ABSTRACT 

In the first of a series of forthcoming publications, we present a panchromatic cata- 
log of 102 visually-selected early-type galaxies (ETGs) from observations in the Early 
Release Science (ERS) program with the Wide Field Camera 3 (WFC3) on the Hubble 
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Space Telescope (HST) of the Great Observatories Origins Deep Survey-South (GOODS- 
S) field. Our ETGs span a large redshift range, 0.35 < z < 1.5, with each redshift 
spectroscopically-confirmed by previous published surveys of the ERS field. We com- 
bine our measured WFC3 ERS and ACS GOODS-S photometry to gain continuous 
sensitivity from the rest-frame far-UV to near-IR emission for each ETG. The superior 
spatial resolution of the HST over this panchromatic baseline allows us to classify the 
ETGs by their small-scale internal structures, as well as their local environment. By 
fitting stellar population spectral templates to the broad-band photometry of the ETGs, 
we determine that the average masses of the ETGs are comparable to the characteristic 
stellar mass of massive galaxies, 10 11 < M*[M ]< 10 12 . 

By transforming the observed photometry into the GALEX FUV and NUV, Johnson 
V, and SDSS g' and r' bandpasses we identify a noteworthy diversity in the rest-frame 
UV-optical colors and find the mean rest-frame (FUV— V) = 3.5 and (NUV— V) = 3.3, 
with la standard deviations ~ 1.0. The blue rest-frame UV-optical colors observed 
for most of the ETGs are evidence for star-formation during the preceding gigayear, 
but no systems exhibit UV-optical photometry consistent with major recent ( < 50 
Myr) starbursts. Future publications which address the diversity of stellar populations 
likely to be present in these ETGs, and the potential mechanisms by which recent 
star-formation episodes are activated, are discussed. 



Introduction 



The star-formation histories of early-type galaxies (ellipticals and SOs, hereafter denoted ETGs) 
are now known to be considerably more diverse than had been originally expected. Optical broad- 
band photometry initially suggested that ETGs in the local universe were largely composed of a 
homogeneous, old (> 10 Gyr), and passively evolving stellar pop ulations that were formed at a uni 



form l y high redshift via the "monolithic collapse" scenario (e.g.. lEggen. Lynden-Bell. and Sandage 



1962 



Rose 



1985 



Tinslevl ll980T). However, high precision optic al spectrophotometry (e.g., lO'Connell 



198 



0; 



Worthey et al. I Il994l ; iTrager et al.1 l2000l ) shows that a significant fraction of nearby 



ETGs experienced prolonged episodes of star-formation, lasting until a few gigayears ago. Their in- 
ferred luminosit y- weighted ages have recently been found to correlate with velocity dispersion as well 
as environment (IGraves et al.ll2009l : IClemens et al.ll2009l : IScott et al.ll2009l ) , so the mechanisms driv- 
ing recent star-formation activity in ETGs are now coming into better focus. Cool interstellar ma- 
terial capable of fueling s tar-formation is also frequently present in ETGs (e.g. iMorganti et al.ll2006l : 
Lucero and Young1l2007 . and references therein). These, and m any other lines of evid e nce, including 



fine-s t ructure (e.g., rings, s hells, and rippl es) in nearby ETGs flSchweizer et al.lll990l: IColbert et al 



200ll : ISalim fc Rich 1 1201(1 ; iKaviraj 



evolution of galaxy morphologies (Ivan Dokkuml 120051 : Ivan Dokkum et al.l I2010T). point toward a 



hierarchical, merger-dominated assembly of ETGs over an extended period (IToomre and Toomre 



2010). statistics o f close pairs ([Patton et aL 2002), and the 
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1972 ; iBarkana and Loebll200ll : iKaviraj et al.ll2009l ; lKavirajll201ll . and references therein). 



Ultraviolet (UV) observat ions of large samples of ETGs, first enabled by the International 
Ultraviolet Explorer (IUE, see lKondolll987f) and later by th e Hubble Space Telescope (HST) and 
the Galaxy Evolution Explorer (GALEX. Martin et al.lll997l ). confirmed the presence of late star- 
formation in many ETGs. The 1200-3000 AU V continuum is highly sensitive to small a mounts 
of star-fo rmation d uring the last ^1 Gyr (see, iFerreras fc Silkll2000l : IKaviraj et al.ll2009l ). With 



GALEX, 
redshifts. 



YietaL 



(120051 ) found residual star- formation to be readily detectable in ETGs at low 



Subsequently, a study of the UV-optical properties of ^2100 ETGs by IKaviraj et al 



(12007al ) revealed that at least 30% of low-redshift (z < 0.11) field ETGs have UV-optical photometry 
consistent with active star-formation during the previous ^1 Gyr. It is therefore of considerable 
interest to follow the incidence of rest-frame UV signatures of star-formation in ETGs to redshifts 
of z ~l-2 at the HST diffraction limit. 

The UV provides a valuable window on older, hot stellar populations as well. A UV upturn 
(UVX) — characterized by a sharp rise in the far-UV spectrum shortward of ^2000 A — has been de- 



Burstein et al 



1988| 



Donas et al 



20071 : Ueong et al J 12003 . 



tected in many low-redshift ETGs (e.g., 
and references therein), but cannot be attributed to recent star- formation. The UVX is believed 
to arise predominantly from a small population of highly-evolved, hot, low-mass stars, especially 
extreme horizontal branch (EHB) stars (for a review, see O'Connell 1999). These stars have lost 
most of their h ydrogen envelopes, t hus exposing their hot (T > 20,000 K), helium-burning cores 
(M < 0.52 M , iDorman et al.lll993l ). Various mech anisms are capable of reducing the envelopes , 
including giant bran ch mass-loss in metal -rich stars flGreggio fc Renzinilll990l ; IDorman et al.lll995l ; 



Yi et al 



lation rtPark fc Lee 



1995, 1998), binary interactions (IHan et al.ll2007l ). or extreme aging in a metal-poor popu- 



19971 ). Most evidence favors a metal-rich UVX interpretation, but a much better 



understanding of the underlying mechanisms could be obtained, if we could follow the evolution of 
the UVX with look-back time over the p ast 5-8 Gyr. A number of studies have attempted to deter- 
mine lookback dependence up to z ^0.5 (IBrown et al.ll2000U2003l : lYi fc Yoon 112004 ; iLee et al.ll2005l ; 
Ree et al.1 120071 : 1 Atlee et al.ll2009l ). but these were inconclusive, either because of small samples, or 
because of low signal-to-noise ratio. 

The high spatial resolution and significant UV sensit ivity of the HST W FC3 are very well 



suited to the study of low-level star- formation (see, e.g., iCrockett et al.ll201ll ) and the UVX in 
intermediate redshift ETGs. In this paper, we describe the selection and photometric properties of a 
sample of intermediate redshif t (0.35 < z < 1.5) ETGs obtained from observations of the GOODS- 
S field (jGiavalisco et al.1 12004 ). This paper is the first in a series that will investigate the stellar 
population(s) extant in intermediate redshift ETGs in the ERS survey field. 

This paper is organized in the following manner. In £j2j we briefly describe the ERS program, 
technical issues associated with WFC3 UV imaging relevant to this work, and the observations. 
In §3.11 we present the selection criteria used to produce the catalog, and in §3.21 we present and 
describe the photometric catalog. In §3.31 we discuss the fitting of model stellar populations defined 
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by a single burst of star-formation to the broad-band spectral energy distribution (SED) of the 
ETGs, the results from which we used to measure the absolute photometry of the ETGs. In §3.41 
and §3.5j we discuss the multi-wavelength morphological properties of the ETGs. In £jU we discuss 
the impact of the ETG selection criteria on catalog completeness. In §5] and §EJ we present the 
rest-frame photometry transformation and discuss the rest-frame UV-optical photometry of the 
ETGs, respectively. 

Througho ut this paper we assu me a ACDM cosmology with fi m =0.27, fiA=0.73, and Ho=70 
km s" 1 Mpc" 1 dKomatsu et al.lboilh . We use the following designations : F225W, F275W, F336W, 
F435W, F606W, F775W, F850LP, F098M, F125W, and F160W re present the HST filte rs through- 
out; g' and r' represent the Sloan Digital Sky Survey (SDSS) fil ters flFukugita et al.lll996h : FUV and 
NUV represent the GALEX 150 & 250 nm filters, r espectively (Morrissev et alJbood ). Throughout, 
we quote all fluxes on the AB-magnitude system fjOke and Gunnlll983l ). 



Observations 



Our sample of ETGs is drawn from the HST imaging with Advanced Camera for Surveys (ACS) 
and WFC3, which was obtained as part of the ERS program. Near-UV and near-IR observations 
were acquired as part of the WFC3 ERS program (HST Program ID #11359, PI: R. W. O'Connell), 
a 104 orbit medium-depth survey using the HST UVIS and I R cameras. A general in troduction to 
the performance and calibration of the WFC3 is provided in I Windhorst et al.l (120111 ). 



The ERS program observed approximately 50 square arcminutes in the GOODS-S field with 
the HST WFC3 UVIS in three filters: F225W and F275W for 2 orbits, and F336W for 1 orbit, 
per pointing, respectively. The program observed approximately 40 square arcminutes in the same 
field with the WFC3 IR in three filters: F098M, F125W, and F160W, each for 2 orbits per point- 
ing. The 5a 50% point-source completeness limits are: F225W=26.3, F275W= 26.4, F336W=26.1, 
F098M=27.2, F125W=27.5, and F160W=27.2 mag (see I Windhorst et al.ll201lh . The analysis pre- 
sented here was completed using mosaicked images produced for each of the UVIS and IR band 
tilings, and each image mosaic was drizzled to a pixel scale equal to 0.090" pixel -1 . The UVIS 
filters have a small known red-leak (i.e., contamination by unwanted long- wavelength photons), 
which contributes no more than 3.0% of the total flux, even for ETGs at moderate redshift (see 
Appendix A). 



The WFC3 mosaics roughly cover the northern one-third of the GOODS-S field (jGiavalisco et al 



20041 ). and we incorporate the pre-existing ACS dataset (F435W, F606W, F775W, and F850LP) 
with the WFC3 observations. We produced mosaicked images of the GOODS-S ACS data, which 
were binned to match the pixel scale of the WFC3 UVIS/IR mosaics. 
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3. A UV-optical-IR Photometric Catalog of Early- Type Galaxies 

3.1. Selection Criteria 

We require our galaxies to have: (1) been imaged in all UV and IR bands, to uniform depth; (2) 
a spectroscopically-confirmed redshift in the range 0.35 < z < 1.5; and (3) an ETG morphology. 

There are many techniques for identifying ETGs at intermediate redshift. We are particu- 
larly motivated to include in our sample ETGs that encompass all possible star-formation histo- 
ries, thus we do not select ETGs using traditional optical color-based methods, since these may 
be biased toward specific star- f ormation historie s. For example, photometric selection techniques 
(e.g., optical color selection, see lBell et al.l 12004 ) — which assume a quiescent template SED — will 
exclude ETGs with on-going or recent star-formation. The quantitative morphol ogical classifica- 



tion o f galaxies is an alternative method of identifying a sample of ETGs (e.g., IConselice et al 



20031 : lAbraham et al.l 120031 : lLotz et al.1 12004 ). However, the robustness of each of these classi- 
fiers ca n be dramatically aff e cted by a va riety of systematics, such as the image signal-to-noise 



ratio (Conselice et al 



(jTaylor-Mager et al 



2003 



200 



7; 



Lisker 



20081) and the bandpass in which the technique is applied 



Conselice et al. 



20081 ) . In lieu of these techniques, we select our sample 



by visual classification. This technique is subjective, and as such can introduce new biases, but it 
has b een successfully applied to the ide ntification of both low redshift (z ^0-1: | Schawinski et al 



20071 ) and intermediate redshift (z < 1.3; [Postman et al.ll2005l : iFerreras et alJl2009l ) ETGs. We will 
demonstrate in $4] that the spectroscopic redshift requirement, and not the morphological selection 
technique, is the most significant source of bias. 

To identify our sample, ETGs were identified (M. J.R.) and then independently confirmed by co- 
authors (S.K., R.M.C.) by visual inspection of the GOODS ACS F606W, F775W, and F850LP and 
ERS WFC3 IR F098M, F125W, and F160W image mosaics. The galaxies included in this sample 
exhibited the morphological characteristics of early-type galaxies — i.e. these galaxies exhibited 
a centrally peaked light profile, which declines sharply with radius, a high degree of rotational 
symmetry, and a lack of visible internal structure. 

UV imaging can provide unique insight into the star- formation history of ETGs. Thus, we 
require our sample ETGs to be observed in each of the UV filter mosaics. To ensure that all 
galaxies were observed to a similar depth, we also require each ETG in the sample to be observed 
in the U V and IR image mosaic s for at least the mean exposure time measured for each filter as 
given by I Windhorst et al.l (120111 ). Since we are interested in the star- formation histories of ETGs, 
and the WFC3 UVIS channel is only sensitive to UV emission at A ^ 1500 A for objects at redshift 
z > 0.35, we define this redshift as low-redshift cutoff of the sample. The high-redshift cutoff was 
selected to ensure that the visual inspection and classification of the ETG — in the filter set outlined 
above - considers the rest-frame V-band morphology. We are sensitive to at least the UV-optical 
SED of every ETG in our catalog. 



The spectroscopic redshifts for these ETGs were derived from the analyses of spectra ob- 
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tained with the Very Large Telescope ( 


Pouesso et al. 


2009; 


Le Fevre et al. 


2004; 


Szokolv et al. 


2004; 


Mignoli et a' 


. 2005: Ravikumar et al. 


20071: Ivanzella et al. 2008 




Pouesso et al.1 


2009) and Keck 


Telescopes (i 


Stroker et all 20041: 


Daddi et al. 


20051) £ 


md the HST ACS Grism (G800L) f 


Daddi et al. 


2005; 


Pasquali et al. 


2006; 


Ferrer as et al. 


2009). 





We find 102 ETGs that satisfy these selection criteria. 



3.2. Photometry 



We measured object fluxes using S Extractor in dual-image mode (IBertin fc Arnouts II 19961 ). 
with the WFC3 F160W image as the detection band. For source detection, we required sources 
to be detected in minimally four connected pixels, each at > 0.75a above the local computed sky- 
background. For deblending, we adopted a contrast parameter of 10 -3 with 32 sub-thresholds. 
Object photometry was determined with MAG_AUTO parameters Kron factor equal to 2.5 and 
minimum radius equal to 3.5 pixels. 

We adopted gains for each filter using the mean exposure time calculated for each mosaic as 
follows: F225W and F275W eq ual to 5688 sec; F336W equal t o 2778 sec and F098M , F125W, and 



F160W equal to 5017 sec (see Iwindhorst et al.1 boilh . From kalirai et all (j2009al lbf) we assumed 



zeropoints for the filter set F225W, F275W, F336W, F098M, F125W, F160W equal to 24.06, 24.14, 
24.64, 25.68, 26.25, 25.96 mag, respectively. We assumed zeropoints for the filter set F435W, 
F606W, F775W, and F850LP equal to 25.673, 26.486, 25.654, and 24.862 mag, respective!^. 

In Table [T] we present the measured photometry for the ETGs. SExtractor non-detections are 
designated " • • • " (23 galaxies) and ETG fluxes with detections fainter than the recovery limits 
(discussed below) are designated " — " (52 galaxies), as explained in the footnotes of Table [TJ 

The combination of the stable WFC3 UV-optical-IR PSF and high spatial resolution allows 
many compact or low surface brightness (SB) ETG candidates to be detected and measured. These 
candidates may meet the morphological selection criteria in the "detection" image, but in dual- 
image mode SExtractor returns flux measurements for these ETGs which are significantly below the 
formal completeness limits in the "measurement" image. Their formal flux uncertainties are larger 
than ^1 mag (implying a signal-to-noise ratio < 1). To ascertain the reliability of these faint flux 
measurements in the UV bandpasses, we inserted simulated galaxies into the images, and performed 
an object recovery test to measure the flux level where the signal-to-noise typically approaches ~1. 
To derive 90% confidence limits, we inserted ^60,000 simulated galaxy images representing a range 
of total magnitudes (24 mag < m < 30 mag) and half-light radii (0.8" < < 2.25") into each 
of the UVIS mosaics, and measured the fraction of simulated galaxies which were recovered by 
SExtractor, using the same SExtractor configuration as discussed above. The simulated galaxies 



^"For more details, see 



http: / / archive.stsci.edu / pub /hlsp / goods / v2 /h_goods_v2. 0_rdm.html 
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were defined with an r 1 / 4 ("bulge") or exponential SB profile ("disk"). From these simulations, we 
estimated the 90% recovery limits for simulated bulge profiles with half-light radius of Y!0 equal 
to F225W=26.5, F275W=26.6, F336W=26.4, and F435W=26.7 mag, respectively. We interpret 
ETGs with magnitudes fainter than these recovery limits as 1-a upper limits. 

In Figure 1, we provide ten-band postage stamp images of the ETGs. These images are 
converted to flux units (nJy), and displayed with the same linear gray-scale. Each postage stamp 
measures ll 7 / 2 on a side. In Table [IJ the typical measured photometric uncertainties are small, 
and the typical uncertainties associated with an m=25 mag galaxy in the ERS and GOODS-S 
object catalog are: 0.26 (F225W), 0.24 (F275W), 0.34 (F336W), 0.06 (F435W), 0.05 (F606W), 
0.07 (F775W), 0.07 (F850LP), 0.11 (F098M), 0.07 (F125W), and 0.12 mag (F160W), respectively. 
On average, the measured photometric uncertainties are larger for the UVIS bandpasses for this 
catalog. This can be largely attributed to the lower telescope throughput, the lower intrinsic ETG 
flux, and the shorter effective exposure time per pixel in each U VIS bandpass, compar ed to the 
ACS and WFC3/IR instruments and image mosaics (see Fig. 1 in I Windhorst et all ho 111 ). 

In Figure [131 l ne distribution of these galaxies is plotted as a solid histogram, and the distri- 
bution of all available spectroscopic redshifts in the CDF-S field is shown as a dashed histogram. 
The redshift peaks in this distribution at z « 0.53, 0.67, 0.73, 1.03, 1.09, 1.2 2, and 1.3 corre- 



spond to known larg e-scale structures in the Chandra Deep Field-South (CDF-S) flGilli et al.ll2003 



Popesso et all 120091 ). 



3.3. Stellar Population Modeling 

To m easure absolute photometric properties of the ETGs, we first fit the population synthesis 
models of LBruzual and Chariot I (120031 ) (hereafter, BC03) to the broad-band observed Optical-IR 
(F435W, F606W, F775W, F85 0LP, F098M, F125W F160W) SED of each ETG, applying the 
standard techniques outlined in IPapovich et al.l (120011 ). The template library of models we used 
in this fitting routine was generated for BC03 single burst stellar templates defined by a Salpeter 
IMF, solar metallicity, no extinction from dust, and with the star- formation history of the single 
burst defined by an exponentially declining function, weighted by time constant, r, i.e.,: 

^(t)oce-*/ r (1) 

These models were defined for a grid of time constant^! (—2.0 < log(r[Gyr]) < 2.0) and ages 
(lxlO 8 < i(yr) < 13.7 x 10 9 ). 

We minimize the goodness-of-fit v 2 statistic between this library of synthetic and observed 
fluxes to determine the optimal modejj. For each galaxy, we required the best-fitting age parameter 



2 We calculate models for N=15 values of r denned with a stepsize of max ( 1 °g( 7 |)) r ^^ n ( lo g( T )) — Q.28. 
3 We assume 7 degrees of freedom when determining the reduced % 2 statistic. 
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to not be greater than the age of the Universe at the redshift of the ETG. From this best-fitting 
template the appropriate k-correction was then calculated, yielding an absolute magnitude for each 
ETG in the r', Johnson V, and F606W bandpasses (see Figure PHD. 

We fit the observed SEDs in this limited filter selection to ensure that the rest-frame optical 
and near-IR emission, which provides the best indication to the majority (old) stellar populations 
extant in the ETGs, is included in determining the best-fit spectral template. Fitting single burst 
models to the limited SED also ensures that rest-frame UV emission is largely excluded from the 
fitting. Emission at UV wavelengths that arises from multiply- aged young (< 1 Gyr) and old 
(^> 1 Gyr) stellar populations or minority UV-bright old stellar populations (see JQ) may not be 
well-fit with these single burst models. A detailed modeling of these complex stellar populations is 
beyond the intended scope of this work and we will present a more detailed analysis of the stellar 
populations extant in the ETGs in future work (Rutkowski et al., in prep.). 

Typical reduced x 2 determined from the SED-fitting were small ((xl) — 1-1) f° r ETGs at 
redshift z < 0.6 (22 ETG^I). For this subset of ETGs, the mean mass, age and log(r [Gyr]) were 
derived from the broad-band Optical-IR SED fitting, and measured to be equal to l.lxlO lo M , 
2.8xl0 9 yr, and —0.3, respectively. At redshifts z > 0.6, the optical GOODS filter set is sensitive to 
significant rest-frame near-UV emission, the stellar source of which is not inherently well-described 
by the models in the single burst library used in this analysis. Nonetheless, the majority of ETGs at 
z > 0.6 are well-fitted by the single burst models. Only 13 ETGs were "failures" (which we define 
as ETGs with minimum xl > 5); 11 of these ETGs had spectroscopic redshifts greater than 1. At 
this high redshift, the F435W ACS is sensitive to UV emission (A > 1800 A) exclusively. Excluding 
these "failures", the mean mass, age and log(r[Gyr]) of this high redshift subset of the catalog 
are measured to be equal to: 9.2xlO 9 M , 2.8xl0 9 yr, and —0.3, respectively. This SED analysis 
demonstrates that we have identified a population of galaxies that are generally: 1) 'peaky" (i.e., 
low t) in their star- formation history; 2) old (i.e., bulk stellar population formed >1 Gyr ago); and 
3) have stellar masses comparable to the characteristic stellar mass of red galaxies (^lO n M , see 



Marchesini et al.ll2009l . cf. Figure [T4l below) at these redshifts. At low redshift, these characteristics 



of the bulk stellar populations of g alaxies are found more often to be associated with early-type 



galaxies (see, e.g., iBell et al.l 12004 ). Thus, we initially conclude that we have selected galaxies 



representative of the class of intermediate to high mass ETGs. 



3.4. Source Classification 

In this section, we discuss the morphological properties and classification definitions for our 
ETGs. Although optical colors were not used to select or exclude ETGs, the color of the ETGs 



4 we excluded a single poorly-fitted faint (My = -17), compact ETG (J033244.97-274309.1) from this set when 
calculating these averages 
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and/or neighboring; galaxies may aid in understanding the star-formation history of the ETGs (see 



Peirani et al 



2010). In the following comments, the definition of the ETG "companion(s)" is made 



strictly based on the close proximity — in projection — of any two or more galaxies. Furthermore, the 
classifications below are not mutually exclusive. When galaxies meet the qualifications for multiple 
classifications, we provide only the unique classifications and/or the most general classification. 
To qualitatively assess the primary ETG, its local environment, and any possible companions, we 
inspect the GOODS three-color, four panel 7'/0 x 7'/0 cutouts prepared for four permutation^] of the 
GOODS ACS F435W, F606W, F775W and F850LP images. In Figure H3 we provide the GOODS 
color cutouts of an ETG representative of each of the following classes. 



• Comment "Comp." — ETG identified with companions. We note cases where the colors of 
galaxies in the color cutouts are similar to our ETG. This similarity could suggest that the 
galaxies are at a similar redshift, which would indicate that our ETG is a member of a small 
group. We define two sub-classes : 

— Comment "LSB-Comp." - Low surface brightness companions. ETGs with low SB 
companions are candidates for future work to study the role of minor mergers in mod- 
erating star-formation in intermediate redshift ETGs. 

— Comment "b-Comp" - - ETG has blue companions (s). We note objects which have 
projected companions that are bluer than the primary ETG in all color cutouts. We 
speculate the enhanced emission in the F435W and/or F606W bands suggest that these 
possible companions have higher star- formation rates than the primary ETG. 

• Comment "d" - - ETG exhibits dust lane. The existence of a dust lane in an ETG has 
implications for the merger and star- formation history of the ETG. 



Comment "c" — Compact profile. These ETGs are notably more compact tha n the typ 



ical ETG in our samp le, but were not identified as stars in iRavikumar et al.l (120071 ) or 



Windhorst et all (1201 lh . 



Comment "DC" — ETG has double core. This designation applies to a single ETG (J033210.76- 
274234.6), which appears to be an ongoing major merger of two spheroidal galaxies both of 
which have prominent central cores. 

• Comment "SO" — SO candidate. These ETGs show evidence for a bright core-bulge compo- 
nent, continuous light distribution, and an extended disk-like profile. 

• Comment "VGM" — Visual group member. These ETGs exist in a region of probable local 
overdensity of both early- and late-type galaxies, as well as low SB companions. 



5 The cutouts are available online at: http://archive.stsci.edu/eidol_v2.php. Specifically, the color cutouts are 
generated for BVi' , BVz', Bi'z', and Vi Y colors; where BVi' V refer to the ACS F435W, F606W, F775W and 
F850LP filters, respectively 



In Table [2] (Column 4), we comment on the morphology, light-profile, and the environment of our 
ETGs. 



3.5. Active Galactic Nuclei 



While weak active galactic n uclei (AGN) do not dominate the optical SED of their host ETG 



(Vanden Berk et al 



2001 



Kron, Koo, fc Windhorst Ill985l ), these may contribute emission in the UV spectrum of galaxies 



, and references therein). Therefore, to understand the stellar sources of 
UV flux in our ETGs, we must identify and account for weak AGN conta mination. AGN were 
flagged in our c atalog by matching the posit ions of our ETGs to the X-ray (jGiacconi et al.ll2002l : 
Luo et al. 2010 ) and radio (jMiller et al.ll200^ ) source catalogs. In TableEJ we denote X-ray and/or 
radio sources as "X*" "R*", respectively (or "XR*" if the ETG was identified in both catalogs). 
We give the AGN classifications (TableEJ Column 3) from ISzokolv et al.1 f)2004l ) . which are based 
on the X-ray luminosity, hardness ratios, and optical line- widths. Nine ETGs in the catalog were 
matched with sources in the X-ray and/or radio. 



4. Catalog Completeness 

While our morphological selection criteria ensure our galaxies are generally representative of 
the class of ETGs, the high spatial resolution HST ACS and WFC3 imaging allows us to identify 
sub-structures (e.g., dust lanes, which would be unresolved in ground-based imaging) which ensures 
the catalog better captures the morphological diversity of ETGs. We also conclude that the ETG 
masses are approximately equal to the characteristic stellar mass parameter, 10 10 <M*[M0]< 10 12 
(see ^3.31 and Figure . Thus, our catalog is representative of the class of intermediate to high 
mass ETGs. Yet, our selection criteria must necessarily imply that the catalog is an incomplete 
assessment of the ETGs in the ERS survey volume. In this section, we discuss the extent to which 
selection criteria affects catalog completeness. 

To quantify the number of ETGs we exclude from the catalog by enforcing the selection criteria, 
we inspected a randomly-selected region in the F160W mosaic with an area equal to ~10% of the 
total area of the ERS field. Therein, we identified ^180 galaxies which have sufficiently high 
signal-to-noise ratio, surface brightness, and spatial extent to be morphologically-classified. We 
visually classified 45 of these galaxies as ETGs. Approximately 35% (17 ETGs) of these galaxies 
were included in the catalog. If we extrapolate this observed fraction to the full ERS field, we 
estimate that there are ^1800 visually-classifiable galaxies in the field, of which ^280 galaxies 
could have been morphologically classified as ETGs, but were not included in the catalog because 
they lacked spectroscopically-confirmed redshiftj§. Thus, we can assume that as a result of the 



This sample likely includes morphological ETGs at z > 1.5, but we can reasonably assume (cf. 



Bezanson et al. 
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spectroscopic redshift incompleteness, we are likely excluding a population of ETGs approximately 
2-3 times larger than the catalog in §3.21 We conclude that the requirement that each ETG have 
a spectroscopically-confirmed redshift most strongly prevents our definition of a complete sample 
of ETGs in the ERS field. 

At low to intermediate redshift {z < 0.6), this incompleteness disproportionately affects fainter 
galaxies. Large (greater than a few square degrees) spectroscopic surveys of thousands of galaxies 



have noted the paucity of low-luminosity (M^ > —18) red galaxies (jWeiner et al. 1 1200,4 iWillmer et al 
20061 ) . This paucity can be partly attributed to the difficulty associated with the measurement of 
spectroscopic redshifts for galaxies with largely featureless spectra, with few (or no) weak lines, 
that are common to quiescent faint galaxies. At high redshift (z > 1), the measurement of spectro- 
scopic redshifts is increasingly more difficult because ground-based optical-near IR spectrometers 
can not adequately constrain the 3648 A Balmer break. Furthermo re, color-based cand idate galaxy 
selection at optical wavelengths (e.g., F775W— F850LP> 0.6 mag; IVanzella et al.ll2008l ) will intrin- 
sically select high redshift [z > 1) ETGs with bluer rest-frame UV-optical colors. As a result, these 
technical limitations and color selections promote spectroscopic redshift incompleteness in surveys 
of red galaxies at high redshift across the mass spectrum. 

We can not rule out the effect of cosmic variance in the ERS field as an additional source of 



incompleteness in the catalog. IWillmer et al.1 (120061 ) measured the best-f it Schechter lumi nosity 
function parameters from 11,000 galaxies at z < 1 in the DEEP2 Survey (jDavis et al. 2007 ). and 
provide these results for two sub-populations, "red" and "blue" galaxie^. Assuming the best-fit 
Schechter parameters for the "red" sample measured at z = 0.5, we estimate that the ERS survey 
volume defined for 0.4 < z < 0.7 contains only ^1 luminous (My < —22 mag) ETG. 



5. Conversion to Rest-Frame UV-Optical Photometry 

Our measured rest-frame FUV to optical photometry provides a uniform basis for studying 
the star-formation histories of our ETGs. Here we describe and apply an interpolation method 
to transform the observed photometry to a "standard" set of FUV, NUV, </, r', and Johnson V 
bandpasses. We select this filter set for our analysis because there are now extensive re ferences in the 



literature which use the same set in the study of nearby and low-redshift ETGs (e.g. iKaviraj et al 
2007al : ISchawinski et al.1 120071 : iRee et al.1 120071 : lKavirajll2010l . and references therein). 



First, we generated a library of hybrid spectral templates defined by two instantaneous bursts 
of star-formation. The first burst occurred at a fixed redshift (z = 3) with a fixed solar metallicity 
{Z\ — Zq). The second burst was modeled assuming a variable stellar mass fraction (^2), age 



2009 



j: lRvan et allboioh that the number of ETGs at high redshift is a small fraction of the lower redshift (z < 1.5) 



ETG population 

7 "Red" and "blue" galaxies are distinguished using the color criterion U—B-— 0.032 (Mb + 21. 52) +0.204 
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of burst (£2), dust content characterized by E (B — V), and metallicity (Z2). The full parameter 
space represented in the library of hybrid spectral templates is provided in Table 03 Next, we 
identified a set (Tabled]) of WFC3 and ACS "proxy" filters that most closely trace the bandpasses 
corresponding to the desired filters (FUV, NUV, Johnson V, </, and r') at the relevant redshift. 
Finally, we folded the library of spectral templates with this filter set to determine the proxy and 
desired rest-frame colors. To define a general transformation function for each redshift, we fit a 
second-order polynomial to the desired colors as a function of proxy color. These transformations 
can be considered as a generalized k-correction. 

The BC03 models are known to be an incomp lete representation of the UV spectrum of ETGs 



with ages >3 Gyr (see lKaviraj et al.ll2007aL 120081 ) due to their treatment of the UV upturn. The 



UV energy distribution in the BC03 models does not include the effects of extreme HB stars which 
are expected to dominate this region of the spectrum of old st ellar pop u lations. Th erefore, we 



use a set of templates which are a hybrid of BC03 models and lYi et al.l rtl999Ll2003r) for stellar 



popu lations of ages >3 Gyr. This hybrid library has been demonstrated (IKaviraj et al.l 12007a 



20081 ) to fit observed ETGs across a large redshift range (0 < z < 1) with both young and old 



UV-bright stellar populations. 

The rest-frame UV-optical colors are given for our sample in Table El Following the convention 
of Table [TJ we designate SExtractor non-detections in the blue proxy band as " • • • " . ETGs not 
detected at or above the la completeness limits ( §3.2j> in the bandpasses used to determine the 
rest-frame UV-optical colors are designated " — " . 

The {g f — r') rest and rest-frame Johnson V and r' apparent magnitudes are also provided 
in Table El The {g' — r f ) rest colors were calculated using a method similar to the one outlined 
above for converting the observed photometry to rest-frame UV-optical colors, though the (g f — 
r')rest transformation function was calculated for a different proxy filter set (see Tabled]). To 
calculate the Johnson V and r' apparent magnitudes presented in Table El the F606W filter was fixed 
as the proxy filter and a linear transformation function was fit to the proxy and desired apparent 
magnitudes measured from the hybrid template library. Typically, we measure the difference for any 
proxy-desired bandpass pair to be small (less than 0.1 mag), but at higher redshifts, the redshifting 
of the Balmer break in the spectrum through the bandpass can produce larger offsets. Particularly, 
between the F606W and Johnson V bandpasses, these offsets can be as large as ^1.1 mag 



6. Discussion of Rest-Frame Panchromatic Photometry 

In the upper panel of Figures [TBI and \T7\ the apparent colors and associated photometric uncer- 
tainties bars are plotted for reference. We calculate these colors by simply differencing the apparent 
magnitudes in the proxy bandpasses for each redshift bin (see Table [4]) . We show in the lower panel 
of Figures [16] and [17] the (NUV-V) res ^ and (FUV-V) re5 £ colors, which are calculated using the 
best-fit transformation function from £j5] Each ETG is plotted with its measured photometric and 
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systematic (i.e., associated with the transformation) uncertainties. An asterisk indicates that the 
ETG was identified by the radio or X-ray surveys of the CDF-S (see ^3.51) . Since many ne arby 



ellipticals have strong internal UV-optical color gradients flOhl et al.l 119981 : iJeong et al.l 120091 ) , we 
show the integrated (NUV-VW ^ and (FUV-V) rest colors from the GALEX UV Atlas of Nearby 
Galaxies dGil de Paz et al.ll2007h for NGC 221 (M32), 1399, and 1404 (triangles). We select these 
specific ETGs, since they well-represent the evolved red sequence of ETGs in the local Universe. 

We also show the rest-frame colors of three model galaxies, generated using the BC03 single 
burst templates (see £ 13.31) for three star- formation histories defined by Equation [1] for log(r[Gyr])~ 
1.1 (blue),— 0.3 (green), and —2.0 (red). For each model, we assume solar metallicity, a Salpeter 
IMF, no dust, and formation redshift Zf = 4.0. The time since Zf is plotted as the upper abcissa 
in each Figure. This formation redshift can be considered to represent the effective start of star- 
formation in ETGs, beca use it is approximately halfway in cosmic time between the start of cosmic 
star- formation at z ~ 10 (Komatsu et alJboill ) and the (broad) peak of the cosmic star-formation 
history at z ~ 2 fjMadau et al .11 19981 ). 



Over the surveyed redshift range, Figures [16] and \T7\ show that the majority of ETGs have 
UV-optical colors no bluer than the log(r[Gyr]) ~ 1.1 single burst model, suggesting that these 
ETGs have not undergone a significant, recent star- formation event which would be identified by 
(NUV-V) res t < —1-0 mag. Secondly, only a minority of ETGs can be well-described by a quiescent, 
instantaneous star-formation history that assumes a high formation redshift (zf = 4.0). Finally, 
we note that the "red envelope" of the (FUV-V) reS £ and (NUV-V) res t colors, the latter is most 
sensitive to recent star-formation, remains constant across the intermediate redshift z < 0.5. 

Furthermore, few (1-2) ETGs at intermediate redshift [z < 0.6) have measured rest-frame 
colors as red as those observed for the strongest UV upturn galaxy in the local Universe, NGC 
1399. In §3.31 and $4] we showed that our selection criteria (unavoidably) defined a catalog that is 
deficient in bright (M< —22 mag) ETGs. If we assume a stellar mass-to-light ratio of these bright 
ETGs approximately equal to unity, then the masses of these ETGs are greater than ~ 10 11 M , 
e.g., early- type brightest cluster galaxies (BCGs, with stellar masses 10 10 5 <M* [M ]< 10 115 ; see 
von den Linden 2007) and cD-type galaxies (M*[M ] > 10 12 ), which is consistent with the results 
presented with Figure HH From theory and observations of the UVX in low-redshift ETGs, we 
expect that an op timal sample for the study of the UVX at intermediate redshift would include the 
oldest ( > 6 Gyr, iTantalo et al.lll996l ) and brightest ETGs. The latter is due to t he observation 



that the strength of the UVX is positively correlated with host galaxy luminosity (IBurstein et al 
19881 ). Thus, the analysis in §3.31 and $4] suggested, and Figures fT6l and fT71 confirm, that our catalog 



is deficient in ETGs of the variety best-suited for the analysis of the UVX across cosmic time. 

Some ETGs are likely to contain UVX stellar populations, but these ETGs are likely to be 
dominated in the UV by emission from young, not old, stellar populations. Any future work that 
seeks to model the UVX evolution over cosmic time using our catalog must do so with caution, and 
take care to include multiple stellar populations in the SED analysis. 
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At higher redshift [z > 0.5), the rest-frame UV-optical colors are uniquely sensitive to recent 
star-formation, because the older evolved stellar populations do not contribute signif i cantly to the 



UV SED of the host ETGs (Ferreras fc Silk 



2000 



Yi et al. 



2005 



Kaviraj et al 



2007b, 



2009). If the 



measured rest - frame colors of the ETGs are compared with the results from lYi et al.l (120051 ) and 
Kaviraj et al.l (j2007al ), these colors indicate a wide range of star- formation histories ranging from 
continuous star-formation (log(r[Gyr]) = 1.1) to nearly-quiescent (log(r[Gyr])= —0.3), assuming a 
uniform formation redshift of the majority stellar population. 

In Figure [18] we show the rest-frame UV-optical color-color diagram for the ETGs that are 
brighter than the simulated la 90% recovery limits (see §3.2j) , with photometric and systematic 
uncertainties included. Furthermore, we color-code the data to correspond with the redshift of the 
ETG; the color scheme is defined in Figure [TSl In Figure \18\ the (g f — r') rest colors of ETGs span 
< 1 mag. The (</ — r f ) rest colors of the ETGs are also well-distributed as a function of redshift 
and color, which indicates that UV-optical transformation function defined in ^3 is not affected 
by any large systematic uncertainties. In Figure [191 we show the (</ — r f ) rest colors of the ETGs 
with respect to the absolute r' magnitudes. Since the color distribution is bounded by reasonable 
population synthesis models (Figures [16] and fT7|) and the the rest-frame optical photometry is 
unaffected by large amplitude systematic or photometric uncertainties (Figure [T8l) , the bimodality 
in the (g f — r r ) rest colors which distinguishes luminous red ETGs from lower luminosity blue ETGs 
present in the Figure is not an artifact. Though the optical colors of ETGs are a poor discriminator 
of recent star-formation history of ETGs, the distribution of rest-frame optical colors supports the 
previous conclusion that there exists a diversity in the star- formation histories of these ETGs. 

Finally, in Figures flGl and [T71 we note a transition from peaky star- formation histories for the 
highest redshift (z > 1) ETGs to a more gradual and sustained star- formation in ETGs at low 
to intermediate redshifts [z < 1) across the entire surveyed redshift range. Specifically, at high 
redshift (z > 1), many ETGs appear to cluster near to the log(r[Gyr])= —0.3 curve, whereas no 
low to intermediate redshift (z < 1) ETGs exist on this curve and few have (FUV— V) re st ^ 6. But 
we do not make an interpretation of this trend as it may not represent a physical transition. In 
$4] we outlined a number of biases implicit in optical-near IR spectroscopic redshift surveys that 
specifically select against red ETGs, both at intermediate and high redshift. The paucity of red 
ETGs at low to intermediate redshift may be partially attributed to the spectroscopic redshift 
incompleteness, and as a result, this transition would not indicate a physical evolution in the 
star-formation histories of these ETGs. To determine the significance of this apparent transition 
we require a catalog of ETGs selected in such a way that the biases introduced by spectroscopic 
redshift incompleteness are minimized. To produce this catalog, future selection and spectroscopic 
observations of intermediate and high redshift ETGs in the ERS field must be made in the near-IR. 
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7. Summary 

HST WFC3 provides novel insight into more than ^50% of the epoch of cosmic star-formation 
history at redshift z > 0.35, particularly due to its unique panchromatic coverage and sensitivity 
to rest-frame UV emission. In this first publication in a series, we present a ten-band (from 
HST ACS and WFC3, covering wavelengths between 2200 A-1.6/xm) catalog of visually-selected 
ETGs with spectroscopically-conflrmed redshifts (0.35 < z < 1.5). Results from this work extends 
conclu sions drawn from studies of lower reds hifts (z < 0.35) ETG populations with GALEX and 



SDSS fjYi fc Yoonll2004l : lKaviraj et al.ll2007al ). In particular, we have found significant diversity in 



the UV-optical colors of this population of ETGs, which is likely the result of recent star-formation. 

Though the GOODS-S field contains 1000s of spectroscopic redshifts acquired from multiple, 
extensive ground-based surveys, spectroscopic redshifts have been measured for only a fraction of 
the morphologically-classified ETGs in the ERS field. We demonstrate that the catalog is repre- 
sentative of the class of ETGs, but is not a complete catalog of ETGs in the field. A panchromatic 
analysis of a mass-complete sample of intermediate to high (z > 0.6) redshift ETGs would be 
tremendously beneficial for understanding the star-formation histories of ETGs at an epoch during 
which the Universal star-formation rate is declining from the peak rate at z ~2. To produce such a 
sample for the ERS catalog, for which HST WFC3 imaging has provided unprecedented access to 
the rest-frame UV-optical SEDs of the ETGs, a ground-based spectroscopic campaign specifically 
designed to measure redshifts for the remainder of ETGs selected on the basis of this HST near-IR 
photometry is necessary. 

In a sequel paper, we will present a complete analysis of the stellar population(s) extant in 
the ETGs using the panchromatic (UV-optical-near IR) broad-band photometry, which will extend 
the discussion in §3.31 to include a consideration of the local environment parameters ( §3.4[) and 
new analysis of the ETG light profiles (i.e., measured Sersic index, blue/red-Core ETGs, see e.g., 



Suh et al.l 120101 ). This analysis will be specifically focused on investigating the role that small 
galaxy group dynamics and minor mergers may play in modifying the star-formation history of 
the ETGs. Until a successor observatory to HST is available, with comparable UV sensitivity 
and spatial resolution, these public ERS, and similar HST UVIS and IR, data represent the best 
opportunity for this panchromatic study of the evolution of ETGs and their stellar populations at 
intermediate redshift. 
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A. Red- Leak 

Ultraviolet observations of objects with weak UV emission and red SEDs may be prone to 
significant red-leaks, where long-wavelength photons can be incorrectly counted as UV photons. 
Despite significant efforts by the WFC3 instrument team to minimize red-leaks, it is important to 
understand this effect on the photometry of a typical ETG. 

We measure the red-leak associated with each of the WFC3 UVIS filter response curves (see 
Figure [20]) for model SEDs defined over a range of redshift 0.35 < z < 1.5by measuring the ratio 
of flux at A > 4000A to the total: 



\ F A>40oo A/ = Io° F v T v dvlv 

(F X ) f~F„T„d»/v lAiJ 

where uq = c/4000 A, F v represents the flux per unit frequency associated with the model spectrum, 
and TV is the filter responsj§. 

Because the UV emission profile of an homogeneously old ETG model can vary significantly 
with the models of the UVX stellar po pulations (see jlU), we measur e d the effect of filter red-leak 



for two template spectra. We used the IColeman. Wu and Weedmanl f|l98Q ) Elliptical and a BC03 



exponentially-declining star-formation template with log(r[Gyr])= —2.0 and an absolute age of 
^12 Gyr (even when current cosmology dictates that such an old model is infeasible) to define 
our model SEDs. We consider the grid of model spectra for the redshift range, 0.35 < z < 1.5, 
and provide the maximum red-leak measured for this grid in Table [6l We conclude that the filter 
red-leak in this redshift range is never larger than 3.5%, even for the bluest F225W filter. 
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Table 1: Early-Type Galaxies Catalog, Measured Photometry 



GOODS ID 



F225W 
Am 



F275W 
Am 



F336W 
Am 



F435W 
Am 



F606W 
Am 



F775W 
Am 



F850LP 
Am 



F098M 
Am 



F125W 
Am 



F160W 
Am 



J033202 


71- 


274310 


8 


03 


32 


02 


71 


-27 




10 


87 


23.07 
0.17 


23.30 
0.20 


21.62 
0.06 


20.24 
0.00 


18.82 
0.00 


18.28 
0.00 


18.01 
0.00 


17.91 
0.00 


17.69 
0.00 


17.50 
0.00 





493 


J033203 


29- 


274511 


4 


03 


32 


03 


29 


-27 


45 


11 


47 


26.00 
0.35 


25.89 
0.29 


25.50 
0.27 


25.13 
0.06 


24.42 
0.02 


23.78 
0.02 


23.61 
0.02 


23.44 
0.02 


23.37 
0.02 


23.18 
0.02 





542 


J033205 


09- 


274514 





03 


32 


05 


09 


-27 


45 


14 


03 


24.88 
0.18 


24.92 
0.17 


24.80 
0.21 


24.51 
0.03 


23.94 
0.02 


23.23 
0.02 


22.99 
0.01 


22.98 
0.02 


22.74 
0.01 


22.59 
0.01 





763 


J033205 


13- 


274351 





03 


32 


05 


13 


-27 


43 


51 


05 


24.28 
0.09 


24.04 
0.06 


24.06 
0.09 


23.84 
0.02 


23.36 
0.01 


22.63 
0.01 


22.45 
0.01 


22.41 
0.01 


22.26 
0.01 


22.18 
0.01 





806 


J033206 


27- 


274536 


7 


03 


32 


06 


27 


-27 


45 


36 


68 


— 




25.62 
0.72 


25.67 
0.20 


23.00 
0.01 


21.54 
0.01 


21.04 
0.01 


20.85 
0.00 


20.44 
0.00 


20.06 
0.00 





669 


J033206 


48- 


274403 


6 


03 


32 


06 


48 


-27 


44 


03 


68 




25.78 
0.46 


26.07 
0.83 




24.43 
0.04 


23.03 
0.02 


22.11 
0.01 


21.85 
0.01 


21.41 
0.00 


21.03 
0.00 





958 


J033206 


81- 


274524 


3 


03 


32 


06 


81 


-27 


45 


24 


37 


25.61 
0.38 


— 


26.37 
0.94 


26.12 
0.20 


25.42 
0.09 


23.91 
0.04 


23.18 
0.02 


22.75 
0.02 


22.03 
0.01 


21.65 
0.01 


1 


373 


J033207 


55- 


274356 


6 


03 


32 


07 


55 


-27 


43 


56 


68 




— 


— 




25.13 
0.14 


23.76 
0.06 


22.81 
0.03 


22.40 
0.02 


21.88 
0.01 


21.50 
0.01 


1 


370 


J033207 


95- 


274212 


1 


03 


32 


07 


95 


-27 


42 


12 


18 


26.47 
0.66 


— 




26.46 
0.23 


24.96 
0.05 


23.64 
0.02 


23.17 
0.02 


23.01 
0.01 


22.68 
0.01 


22.39 
0.01 





740 


J033208 


41- 


274231 


3 


03 


32 


08 


41 


-27 


42 


31 


37 


26.31 
0.94 




25.99 
0.85 


24.83 
0.09 


22.87 
0.01 


21.74 
0.01 


21.34 
0.01 


21.19 
0.00 


20.85 
0.00 


20.53 
0.00 





540 


J033208 


45- 


274145 


9 


03 


32 


08 


44 


-27 


41 


45 


95 


25.06 
0.41 


25.20 
0.43 


24.57 
0.25 


25.15 
0.14 


23.55 
0.03 


22.00 
0.01 


21.44 
0.01 


21.22 
0.01 


20.81 
0.00 


20.42 
0.00 





730 


J033208 


53- 


274217 


7 


03 


32 


08 


53 


-27 


42 


17 


78 


24.10 
0.22 


25.02 
0.46 


24.60 
0.43 


24.35 
0.10 


22.70 
0.02 


21.27 
0.01 


20.76 
0.01 


20.57 
0.00 


20.16 
0.00 


19.80 
0.00 





730 


J033208 


55- 


274231 


1 


03 


32 


08 


55 


-27 


42 


31 


14 


26.31 
0.76 


26.23 
0.65 


25.93 
0.67 


26.55 
0.34 


25.10 
0.07 


23.79 
0.04 


23.52 
0.04 


23.31 
0.02 


23.08 
0.01 


22.83 
0.01 





509 


J033208 


65- 


274501 


8 


03 


32 


08 


65 


-27 


45 


01 


84 






26.32 
1.01 


25.31 
0.10 


23.11 
0.01 


21.62 
0.01 


20.98 
0.00 


20.84 
0.00 


20.50 
0.00 


20.20 
0.00 





873 


J033208 


90- 


274344 


3 


03 


32 


08 


90 


-27 


43 


44 


36 


25.39 
0.29 


25.51 
0.30 


25.23 
0.32 


24.60 
0.05 


23.35 
0.01 


22.77 
0.01 


22.59 
0.01 


22.52 
0.01 


22.38 
0.01 


22.23 
0.01 





580 


J033209 


09- 


274510 


8 


03 


32 


09 


09 


-27 


45 


10 


85 


25.83 
0.27 


25.57 
0.20 


25.27 
0.21 


25.38 
0.06 


24.54 
0.02 


24.24 
0.03 


23.97 
0.03 


24.00 
0.03 


24.01 
0.02 


23.92 
0.02 





401 


J033209 


19- 


274225 


6 


03 


32 


09 


19 


-27 


42 


25 


66 








25.80 
0.22 


23.57 
0.02 


22.10 
0.01 


21.61 
0.01 


21.38 
0.01 


21.00 
0.00 


20.64 
0.00 





720 


J033210 


04- 


274333 


1 


03 


32 


10 


04 


-27 


43 


33 


15 


26.06 
1.11 


25.23 
0.48 


25.55 
0.86 


25.30 
0.19 


23.74 
0.03 


22.15 
0.01 


21.14 
0.01 


20.87 
0.00 


20.34 
0.00 


19.95 
0.00 


1 


009 


J033210 


12- 


274333 


3 


03 


32 


10 


12 


-27 


43 


33 


37 


— 






26.46 
0.26 


24.69 
0.04 


23.20 
0.02 


22.23 
0.01 


21.91 
0.01 


21.44 
0.00 


21.06 
0.00 


1 


009 


J033210 


16- 


274334 


3 


03 


32 


10 


16 


-27 


43 


34 


38 








25.84 
0.34 


24.25 
0.06 


22.61 
0.02 


21.65 
0.01 


21.45 
0.01 


20.91 
0.00 


20.53 
0.00 





990 


J033210 


76- 


274234 


6 


03 


32 


10 


76 


-27 


42 


34 


65 


23.46 
0.15 


23.33 
0.12 


23.05 
0.13 


21.73 
0.01 


19.89 
0.00 


19.00 
0.00 


18.64 
0.00 


18.50 
0.00 


18.17 
0.00 


17.85 
0.00 





419 


J033210 


86- 


274441 


2 


03 


32 


10 


86 


-27 


44 


41 


24 


26.45 
0.66 


26.17 
0.47 


— 




24.69 
0.03 


23.43 
0.02 


22.98 
0.01 


22.88 
0.01 


22.55 
0.01 


22.23 
0.01 





676 


J033211 


21- 


274533 


4 


03 


32 


11 


21 


-27 


45 


33 


44 


26.31 
0.72 






26.07 
0.20 


24.62 
0.04 


23.18 
0.02 


22.16 
0.01 


21.79 
0.01 


21.32 
0.00 


20.99 
0.00 


1 


215 


J033211 


61- 


274554 


1 


03 


32 


11 


61 


-27 


45 


54 


13 




25.50 
0.41 


25.71 
0.67 


25.80 
0.21 


24.15 
0.03 


22.73 
0.01 


21.75 
0.01 


21.38 
0.01 


20.93 
0.00 


20.55 
0.00 


1 


039 


J033212 


20- 


274530 


1 


03 


32 


12 


19 


-27 


45 


30 


04 


25.04 
0.48 


24.93 
0.41 


24.44 
0.34 


24.28 
0.09 


22.32 
0.01 


21.06 
0.01 


20.64 
0.00 


20.50 
0.00 


20.17 
0.00 


19.86 
0.00 





676 


J033212 


31- 


274527 


4 


03 


32 


12 


31 


-27 


45 


27 


43 




25.53 
0.45 


25.03 
0.40 


25.57 
0.18 


23.46 
0.02 


22.17 
0.01 


21.77 
0.01 


21.61 
0.01 


21.29 
0.00 


21.01 
0.00 





680 


J033212 


47- 


274224 


2 


03 


32 


12 


47 


-27 


42 


24 


24 


— 


— 


25.50 
0.41 


24.87 
0.06 


23.04 
0.01 


22.19 
0.01 


21.92 
0.01 


21.78 
0.01 


21.55 
0.00 


21.30 
0.00 





417 


J033214 


26- 


274254 


2 


03 


32 


14 


26 


-27 


42 


54 


28 






26.19 
0.62 


26.38 
0.18 


24.96 
0.05 


23.90 
0.03 


23.48 
0.03 


23.34 
0.02 


22.94 
0.01 


22.68 
0.01 





814 


J033214 


45- 


274456 


6 


03 


32 


14 


45 


-27 


44 


56 


58 






25.39 
0.37 




24.81 
0.05 


23.37 
0.02 


22.95 
0.02 


22.80 
0.02 


22.43 
0.01 


22.14 
0.01 





737 


J033214 


65- 


274136 


6 


03 


32 


14 


65 


-27 


41 


36 


56 


25.75 
0.63 


25.67 
0.55 




26.12 
0.29 


25.42 
0.13 


23.84 
0.05 


23.00 
0.03 


22.51 
0.02 


21.77 
0.01 


21.33 
0.01 


1 


338 


J033214 


68- 


274337 


1 


03 


32 


14 


69 


-27 


43 


37 


10 


26.49 
0.70 


25.42 
0.24 


25.28 
0.28 


25.08 
0.05 


24.31 
0.02 


23.44 
0.02 


22.95 
0.01 


22.88 
0.02 


22.58 
0.01 


22.42 
0.01 





910 


J033214 


73- 


274153 


3 


03 


32 


14 


73 


-27 


41 


53 


32 




26.07 
0.51 




25.07 
0.07 


23.40 
0.01 


22.56 
0.01 


22.22 
0.01 


22.09 
0.01 


21.85 
0.01 


21.60 
0.01 





490 


J033214 


78- 


274433 


1 


03 


32 


14 


78 


-27 


44 


33 


11 










24.52 
0.04 


23.11 
0.02 


22.63 
0.01 


22.41 
0.01 


21.93 
0.01 


21.57 
0.00 





736 


J033214 


83- 


274157 


1 


03 


32 


14 


83 


-27 


41 


57 


13 








25.18 
0.09 


23.54 
0.02 


22.34 
0.01 


21.96 
0.01 


21.84 
0.01 


21.53 
0.00 


21.25 
0.00 





680 


J033215 


98- 


274422 


9 


03 


32 


15 


99 


-27 


44 


22 


96 


25.60 
0.68 


25.80 
0.75 


25.63 
0.84 


24.48 
0.06 


22.96 
0.01 


21.78 
0.01 


21.41 
0.01 


21.28 
0.01 


21.00 
0.00 


20.75 
0.00 





735 


J033216 


19- 


274423 


1 


03 


32 


16 


20 


-27 


44 


23 


14 


25.48 
0.50 


25.86 
0.65 


25.63 
0.70 


24.82 
0.06 


23.25 
0.01 


22.45 
0.01 


22.15 
0.01 


22.08 
0.01 


21.81 
0.01 


21.63 
0.01 





419 



Table 1:ETG Catalog, Measured Phot. (Continued) 



GOODS ID 






R.A. 






Dec. 




F225W 


F275W 


F336W 


F435W 


F606W 


F775W 


F850LP 


F098M 


F125W 


F160W 


Redshift 
























Am 


Am 


Am 


Am 


Am 


Am 


Am 


Am 


Am 


Am 






J033217, 


.11-274220 


,9 


03 


:32 


:17, 


.11 


-27 


:42 


:20 


.90 


26.31 
0.37 


26. 17 
0.32 


24.69 
0.11 


24.99 
0.04 


25. 15 
0.04 


25.11 
0.06 


25.26 
0.09 


25.09 
0.06 


24.32 
0.02 


25.25 
0.06 


1 


.240 


J033217, 


.12-274407 


,7 


03: 


32: 


17, 


12 


-27: 


:44: 


:07, 






— 


— 


26.51 
0.25 


24.59 
0.03 


23. 14 
0.01 


22.66 
0.01 


22.53 
0.01 


22. 15 
0.01 


21.83 
0.01 





,730 


J033217, 


.14-274303 


.3 


03: 


32: 


17, 


14 


-27: 


43: 


03, 


30 


24. 16 
0.13 


23.92 
0.10 


23.37 
0.08 


23.07 
0.02 


21.69 
0.00 


20.81 
0.00 


20.53 
0.00 


20.37 
0.00 


20. 15 
0.00 


19.81 
0.00 





,556 


J033217, 


.49-274436 


.7 


03: 


32: 


17, 




-27: 


:44: 


36, 


73 


25.43 
0.67 


25.08 
0.45 


24.78 
0.45 


24.68 
0.11 


23.01 
0.02 


21.80 
0.01 


21.36 
0.01 


21.23 
0.01 


20.89 
0.00 


20.60 
0.00 





,734 


J033217, 


.91-274122 


.7 


03: 


32: 


17, 


91 


-27: 


41: 


22, 


70 


25.77 
0.62 


26.44 
1.08 




26.65 
0.48 


24.48 
0.05 


22.96 
0.02 


22.04 
0.01 


21.73 
0.01 


21.24 
0.00 


20.87 
0.00 


1 


,039 


J033218, 


.31-274233 




03: 


32: 


18, 


31 


-27: 


42: 


33, 


52 


23.96 
0.20 


23.80 
0.16 


24.72 
0.47 


23.51 
0.04 


21.44 
0.00 


20.37 
0.00 


19.99 
0.00 


19.88 
0.00 


19.54 
0.00 


19.24 
0.00 





,519 


J033218, 


.64-274144 


,4 


03: 


32: 


18, 




-27: 


41: 


:44, 




— 


26.23 
0.46 




— 


27.29 
0.35 


25.56 
0.12 


24.66 
0.07 


24.11 
0.03 


23.38 
0.01 


23.01 
0.01 


1 


,325 


J033218, 


.74-274415 


,8 


03: 


32: 


18, 


73 


-27: 


:44: 


15, 


90 


25. 15 
0.41 


25.03 
0.34 


24.90 
0.40 


24.20 
0.06 


22.28 
0.01 


21.21 
0.01 


20.86 
0.00 


20.76 
0.00 


20.45 
0.00 


20. 14 
0.00 





,509 


J033219, 


.02-274242 


,7 


03: 


32: 


19, 


02 


-27: 


:42: 


42, 


73 


26.25 
0.95 


— 


26.33 
1.25 


25.70 
0.19 


24.75 
0.07 


23.38 
0.03 


22.61 
0.02 


22.15 
0.01 


21.72 
0.01 


21.41 
0.00 


1 


,019 


J033219, 


.48-274216 


.8 


03: 


32: 


19, 




-27: 


:42: 


16, 


,81 


24.37 
0.28 


25.08 
0.50 


24.08 
0.29 


23.01 
0.03 


21.31 
0.00 


20.49 
0.00 


20.19 
0.00 


20.05 
0.00 


19.76 
0.00 


19.50 
0.00 





,382 


J033219, 


.59-274303 


.8 


03: 


32: 


19, 


59 


-27: 


:43: 


03, 


80 


— 


24.98 
0.33 


25.02 
0.44 


24.62 
0.09 


22.79 
0.01 


21 .42 
0.01 


21.02 
0.01 


20.86 
0.00 


20.58 
0.00 


20.27 
0.00 





,735 


J033219, 


.77-274204 


.0 


03: 


32: 


19, 


77 


-27: 


:42: 


04, 


00 


— 




— 


26.70 
0.42 


25.70 
0.10 


24. 17 
0.04 


23.29 
0.02 


23.02 
0.02 


22.59 
0.01 


22.32 
0.01 


1 


,044 


J033220, 


.02-274104 




03: 


32: 


20, 


02 


-27: 


41: 


04, 


25 


25.34 
0.50 


25.63 
0.60 


25.06 
0.41 


25.59 
0.19 


23.41 
0.02 


21.89 
0.01 


21 .43 
0.01 


21.23 
0.01 


20.81 
0.00 


20.46 
0.00 





,681 


J033220, 


.09-274106 


.7 


03: 


32: 


20, 


09 


-27: 


41: 


06, 


75 


— 


26.54 
1.41 


25.57 
0.67 


— 


25. 19 
0.11 


23.20 
0.03 


22.25 
0.02 


21.74 
0.01 


20.97 
0.00 


20.56 
0.00 


1 


,309 


J033220, 


,67-274446 


.4 


03: 


32: 


20, 


67 


-27: 


:44: 


46, 




24.54 
0.25 


24.82 
0.31 


26.26 
1.45 


25.21 
0.14 


23.28 
0.02 


21.95 
0.01 


21 .47 
0.01 


21.26 
0.01 


20.82 
0.00 


20.45 
0.00 





,726 


J033221, 


.28-274435 


.6 


03: 


32: 


21, 


28 


-27: 


:44: 


35, 


60 


25.62 
0.55 


25.34 
0.40 


24.82 
0.32 


23.76 
0.03 


21.55 
0.00 


20.34 
0.00 


19.89 
0.00 


19.70 
0.00 


19.31 
0.00 


18.96 
0.00 





,620 


J033222, 


.33-274226 


, 5 


03: 


32: 


22, 




-27: 


42: 


26, 












25.31 
0.09 


23.55 
0.03 


22.63 
0.02 


22.34 
0.01 


21.82 
0.01 


21.41 
0.01 


1 


,018 


J033222, 


.58-274141 


,2 


03: 


32: 


22, 


58 


-27: 


41: 


41, 


18 


— 




25. 19 
0.48 


24.31 
0.06 


22.36 
0.01 


21.32 
0.00 


20.96 
0.00 


20.85 
0.00 


20.53 
0.00 


20.24 
0.00 





,509 


J033222, 


.58-274152 


, 1 


03: 


32: 


22, 


58 


-27: 


41: 


52, 


04 


— 


— 


— 


26.38 
0.15 


25.28 
0.04 


24.71 
0.04 


24.55 
0.04 


24.78 
0.06 


24.65 
0.03 


24.59 
0.04 





,529 


J033223, 


.01-274331 


.5 


03: 


32: 


23, 


02 


-27: 


43: 


31, 




— 


— 


26.27 
0.87 


26.49 
0.35 


23.89 
0.03 


22.45 
0.01 


21.97 
0.01 


21.78 
0.01 


21.43 
0.00 


21.10 
0.00 





,740 


J033224, 


.36-274315 




03: 


32: 


24, 


37 


-27: 


:43: 


15, 


18 


— 


26.26 
0.29 


25.62 
0.22 


24.44 
0.02 


24.47 
0.02 


24.64 
0.04 


24.60 
0.04 


24.46 
0.04 


24.07 
0.02 


24.75 
0.05 


1 


,271 


J033224, 


.98-274101 




03: 


32: 


24, 




-27: 


41: 


01, 


52 


24.79 
0.29 


24.20 
0.15 


23.56 
0.11 


23.45 
0.03 


22.43 
0.01 


21.38 
0.01 


20.99 
0.01 


20.85 
0.00 


20.48 
0.00 


20.20 
0.00 





,569 


J033225, 


.11-274425 


,6 


03: 


32: 


25, 


11 


-27: 


:44: 


25, 


59 


25.60 
0.29 


25.04 
0.16 


25.48 
0.29 


25.38 
0.07 


25.20 
0.05 


24.82 
0.05 


24.35 
0.04 


24.32 
0.04 


24. 12 
0.02 


23.88 
0.03 


1 


,220 


J033225, 


.29-274224 


,2 


03: 


32: 


25, 




-27: 


42: 


24, 


20 


— 


— 


26.05 
0.43 


24.59 
0.03 


23.09 
0.01 


22.41 
0.01 


22.21 
0.01 


22. 14 
0.01 


22.05 
0.00 


21.92 
0.00 





,612 


J033225, 


.47-274327 




03: 


32: 


25, 


47 


-27: 


:43: 


27, 


55 




25.35 
0.70 


23.87 
0.26 


24.55 
0.11 


21 .98 
0.01 


20.52 
0.00 


20.04 
0.00 


19.87 
0.00 


19.47 
0.00 


19.10 
0.00 





,690 


J033225, 


.85-274246 


, 1 


03: 


32: 


25, 


85 


-27: 


42: 


46, 


12 


25.74 
0.60 


25.31 
0.38 


— 


26.11 
0.30 


25.20 
0.11 


23.94 
0.06 


23. 12 
0.03 


23.02 
0.03 


22.40 
0.01 


22.05 
0.01 


1 


,182 


J033225, 


,97-274312 


,5 


03: 


32: 


25, 




-27: 


:43: 


12, 


56 


— 


— 


— 


— 


26.46 
0.17 


24.80 
0.06 


24.00 
0.03 


23.84 
0.03 


23.27 
0.01 


22.87 
0.01 





,972 


J033225, 


,98-274318 


,9 


03: 


32: 


25, 




-27: 


:43: 


18, 




26.31 
0.67 


— 




26.65 
0.32 


25.42 
0.08 


23.89 
0.03 


22.87 
0.02 


22.52 
0.01 


22.02 
0.01 


21.66 
0.01 


1 


,215 


J033226, 


,05-274236 


,5 


03: 


32: 


26, 


05 


-27: 


42: 


36, 


54 




= 






27.09 
0.41 


24.93 
0.10 


23.92 
0.05 


23.31 
0.03 


22. 16 
0.01 


21.65 
0.01 


1 


,125 


J033226, 


,71-274340 


,2 


03: 


32: 


26, 


71 


-27: 


43: 


:40, 


15 


26.05 
0.71 






25.00 
0.10 


23.10 
0.01 


21.91 
0.01 


21.51 
0.01 


21.41 
0.01 


21.07 
0.00 


20.77 
0.00 





,550 


J033227, 


,18-274416 


,5 


03: 


32: 


:27, 


18 


-27: 


:44: 


16, 


.46 


24.49 
0.40 


23.73 
0.18 


23.76 
0.25 


22.51 
0.02 


20.57 
0.00 


19.63 
0.00 


19.28 
0.00 


19.15 
0.00 


18.82 
0.00 


18.51 
0.00 





,610 


J033227, 


,62-274144 


,9 


03: 


32: 


:27, 


62 


-27: 


41: 


:44, 


91 


24.39 
0.14 


25.25 
0.28 


24.85 
0.26 


24.02 
0.03 


22.74 
0.01 


21.59 
0.00 


21.27 
0.00 


21.20 
0.00 


20.83 
0.00 


20.49 
0.00 





.667 


J033227, 


,70-274043 


,7 


03: 


32: 


27, 


70 


-27: 


:40: 


:43, 


69 








25.94 
0.21 


23.90 
0.03 


22.43 
0.01 


21.56 
0.01 


21.32 
0.01 


20.90 
0.00 


20.57 
0.00 





,967 


J033227, 


,84-274136 


,8 


03: 


32: 


27, 


,84 


-27: 


41: 


36, 


.82 


25.95 
1.22 


24.91 
0.45 




25.47 
0.23 


24.06 
0.06 


22.72 
0.03 


21.89 
0.02 


21.54 
0.01 


21.07 
0.01 


20.71 
0.00 


1 


,042 


J033227, 


,86-274313 


,6 


03: 


32: 


:27, 


.86 


-27: 


43: 


13, 


.58 








25.97 
0.11 


25.73 
0.08 


25.00 
0.07 


24.36 
0.05 


24.01 
0.03 


23.13 
0.01 


22.80 
0.01 


1 


,338 


J033228, 


,88-274129 


,3 


03: 


32: 


:28, 


,87 


-27: 


41: 


29, 


32 


25.70 
0.92 


25.96 
1.08 


24.92 
0.56 


24.32 
0.09 


22.61 
0.02 


21.07 
0.01 


20.58 
0.01 


20.38 
0.00 


19.97 
0.00 


19.61 
0.00 





,732 



Table 1:ETG Catalog, Measured Phot. (Continued) 



GOODS ID 






R.A. 






Dec. 




F225W 


F275W 


F336W 


F435W 


F606W 


F775W 


F850LP 


F098M 


F125W 


F160W 


Redshii 


























Am 


Am 


Am 


Am 


Am 


Am 


Am 


Am 


Am 


Am 






J033229, 


04- 


■274432 


, 2 


03 


:32 


:29 




-27 


:44: 


:32 


,21 






— 


— 


27.36 
0.45 


25.16 
0.10 


24.45 
0.06 


23.93 
0.04 


22.86 
0.01 


22.38 
0.01 


1 


.202 


J033229, 


30- 


■274244 


,8 


03: 


32: 


29. 


30 


-27: 


42: 


:44. 


85 


— 


25.89 
0.40 




25.72 
0.11 


25.00 
0.05 


23.91 
0.03 


23.28 
0.02 


23.03 
0.02 


22.50 
0.01 


22.25 
0.01 





.880 


J033229, 


64- 


274030 


. 3 


03: 


32: 


29. 




-27: 


:40: 


30. 


25 


26.31 
0.64 


0.55 


25.34 
0.32 


25.72 
0.12 


0.06 


0.04 


23.31 
0.03 


23. 17 
0.02 


22.79 
0.01 


0.01 


1 


.136 


J033230, 


56- 


■274145 


. 7 




32: 


30. 


56 


-27: 


41: 


:45. 




0.22 


24.73 
0.16 


0.13 


0.04 


23.55 
0.02 


0.01 


0.01 


0.01 


21 .86 
0.01 


21 .66 
0.01 





.837 


J033231, 


.84- 


274329 


.4 


03: 


32: 


31. 




-27: 


43: 


29. 


41 




— 


25.64 
0.65 


— 


25.35 
0.11 


24. 14 
0.06 


23.25 
0.03 


22.92 
0.03 


22.43 
0.01 


22.04 
0.01 


1 


.024 


J033232, 


34- 


■274345 


,8 


03: 


32: 


32. 




-27: 


:43: 


:45. 




26. 12 
0.40 


26.09 
0.36 


25.89 
0.40 


25.58 
0.08 


25.10 
0.04 


24.37 
0.03 


23.94 
0.03 


23.82 
0.03 


23.54 
0.02 


23.38 
0.02 


1 


.026 


J033232, 


57- 


274133 


,8 


03: 


32: 


32. 


57 


-27: 


41: 


33. 




26. 12 
0.35 


— 


23.88 
0.05 


26.37 
0.12 


25.95 
0.07 


25.45 
0.08 


25.26 
0.08 


25.43 
0.09 


25.21 
0.05 


25.33 
0.07 





.736 


J033232, 


96- 


274106 


,8 


03: 


32: 


32. 




-27: 


41: 


06. 


77 


23.88 
0.07 


23.76 
0.06 


23.63 
0.07 


23.27 
0.01 


22.40 
0.01 


21 .90 
0.01 


21.67 
0.01 


21.59 
0.01 


21.51 
0.00 


21.31 
0.00 





.472 


J033233, 


.28- 


274236 


.0 


03: 


32: 


33. 


29 


-27: 


:42: 


35. 


97 


— 


— 


— 


— 


27.60 
0.44 


25.74 
0.14 


24.67 
0.06 


0.05 


0.02 


0.01 


1 


.215 


J033233, 


40- 


■274138 




03: 


32: 


33. 




-27: 


41: 


38. 


92 


26.01 
0.76 


24.97 
0.27 


24.66 
0.27 


24.52 
0.06 


23.59 
0.02 


22.39 
0.01 


21.62 
0.01 


21 .43 
0.01 


21.02 
0.00 


20.74 
0.00 


1 


.045 


J033233, 


.87- 


■274357 






32: 


33. 




-27: 


43: 


:57. 


55 


— 


25.85 
0.41 


26. 19 
0.77 


0.25 


25.00 
0.06 


23.46 
0.02 


0.01 


0.01 


21 .98 
0.01 


0.01 





.978 


J033234, 


34- 


274350 




03: 


32: 


34. 


35 


-27: 


43: 


50. 


10 


0.29 


0.25 


23.37 
0.17 


0.09 


0.01 


0.01 


20.86 
0.01 


20.71 
0.01 


20.39 
0.00 


20.09 
0.00 





.660 


J033235, 


10- 


■274410 


. 7 




32: 


35. 


10 


-27: 


:44: 


10. 


61 


24.80 
0.23 


25.27 
0.33 


0.31 


0.06 


23.91 
0.03 


23.36 
0.03 


23.03 
0.03 


0.03 


0.01 


0.01 





.838 


J033235, 


63- 


274310 




03: 


32: 


35. 


63 


-27: 


43: 


10. 


03 


0.51 


0.81 


25.88 
1.18 


25.27 
0.18 


0.08 


0.03 


21 .93 
0.01 


0.01 


20.97 
0.00 


20.59 
0.00 


1 


.190 


J033236, 


.72- 


■274406 


.4 


03: 


32: 


36. 


72 


-27: 


:44: 


06. 


41 


24.56 
0.24 


24.88 
0.30 


24.74 
0.35 


24.37 
0.07 


23. 12 
0.02 


21.99 
0.01 


21.58 
0.01 


21 .43 
0.01 


21 .04 
0.01 


20.73 
0.01 





.665 


J033237, 


32- 


■274334 


.3 


03: 


32: 


37. 


32 


-27: 


43: 


34. 


30 


25.79 
0.99 


— 


24. 14 
0.25 


24.56 
0.11 


23.09 
0.02 


21.79 
0.01 


21.37 
0.01 


21.17 
0.01 


20.81 
0.00 


20.49 
0.00 





.660 


J033237, 


38- 


■274126 






32: 


37. 






41: 


26. 




0.82 


0.31 


0.29 


0.05 


0.01 


0.00 


0.00 


0.00 


0.00 


0.00 





.671 


J033238, 


06- 


■274128 


,4 


03: 


32: 


38. 


05 


-27: 


41: 


28. 


35 


25.99 
1.06 




24.43 
0.32 


25.39 
0.21 


22.84 
0.02 


21.36 
0.01 


20.87 
0.01 


20.69 
0.01 


20.28 
0.00 


19.93 
0.00 





.665 


J033238, 


36- 


■274128 


.4 


03: 


32: 


38. 


36 


-27: 


41: 


:28. 


38 




26.36 
0.80 


25.92 
0.71 


25.85 
0.18 


23.85 
0.03 


22.60 
0.02 


22.17 
0.01 


22.00 
0.01 


21.67 
0.01 


21.36 
0.00 





.869 


J033238, 


44- 


274019 




03: 


32: 


38. 


44 


-27: 


40: 


19. 


55 


25.76 
0.78 


— 




26.08 
0.36 


24.45 
0.06 


23.00 
0.03 


22.09 
0.02 


21.82 
0.01 


21.30 
0.01 


20.90 
0.00 


1 


.033 


J033238, 


.48- 


274313 


.8 


03: 


32: 


38. 




-27: 


43: 


13. 




0.60 


0.35 


2 o.'ii 


0.03 


0.01 


21.79 
0.01 


21.65 
0.01 


21.58 
0.01 


o.bi 


21 .36 
0.01 





.430 


J033239, 


17- 


274026 




03: 


32: 


39. 


16 


-27: 


:40: 


26. 


54 


25.76 
0.72 


24.73 
0.26 


24.60 
0.31 


24.52 
0.08 


22.94 
0.02 


21.57 
0.01 


21.16 
0.01 


21 .04 
0.01 


20.69 
0.00 


20.42 
0.00 





.768 


J033239, 


17- 


274257 


, 7 


03: 


32: 


39. 


17 


-27: 


42: 


57. 


75 


24.59 
0.49 


25.39 
0.94 


23.65 
0.26 


22.22 
0.02 


20.35 
0.00 


19.47 
0.00 


19.16 
0.00 


19.06 
0.00 


18.75 
0.00 


18.45 
0.00 





.419 


J033239, 


,18- 


274329 


o 


03 


32: 


39. 


18 


-27' 


:43: 


29. 


00 




26.53 
1.01 


25.99 
0.84 




25.75 
0.15 


24.46 
0.08 


23.45 
0.04 


23.09 
0.03 


22.49 
0.01 


22.05 
0.01 


1 


.178 


J033239, 


52- 


■274117 


,4 


03: 


32: 


39. 


52 


-27: 


41: 


17. 


42 


26.46 
0.97 






26.60 
0.38 


24.53 
0.06 


23.06 
0.03 


22.10 
0.01 


21.82 
0.01 


21.34 
0.00 


20.98 
0.00 


1 


.039 


J033240, 


38- 


274338 


.3 


03: 


32: 


:40. 


38 


-27: 


:43: 


38. 


27 


25.14 
0.51 


24.85 
0.36 


24.93 
0.52 


24.72 
0.12 


24.29 
0.07 


23.26 
0.05 


22.28 
0.02 


21.94 
0.02 


21.46 
0.01 


21.07 
0.01 


1 


.179 


J033241, 


63- 


■274151 


.5 


03: 


32: 


41. 


63 


-27: 


41: 


51. 


41 


25.77 
0.62 






25.28 
0.14 


24.44 
0.07 


23.32 
0.04 


22.60 
0.03 


22.07 
0.01 


21.34 
0.00 


20.97 
0.00 


1 


.427 


J033242, 


36- 


274238 


.0 


03: 


32: 


42. 


35 


-27: 


42: 


37. 


96 


25.27 
0.64 




25.26 
0.78 


23.82 
0.06 


21.56 
0.01 


20.34 
0.00 


19.94 
0.00 


19.81 
0.00 


19.47 
0.00 


19.12 
0.00 





.566 


J033243, 


93- 


274232 


,4 


03: 


32: 


43. 


93 


-27: 


42: 


32. 


32 




26.09 
0.88 


25.75 
0.87 


26.01 
0.32 


25.14 
0.12 


23.56 
0.05 


22.62 
0.02 


22.03 
0.01 


21.12 
0.00 


20.63 
0.00 


1 


.193 


J033244, 


,97- 


274309 


.1 


03: 


32: 


:44. 


,97 


-27: 


:43: 


09. 


02 








26.68 
0.34 


24.87 
0.05 


24.32 
0.05 


24.01 
0.05 


23.69 
0.04 


22.59 
0.01 


21.78 
0.01 





.444 



[ft 



Notes- Objects detected in the ER S F16 0W mosaic but not measured by SExtractor in the ERS or GOODS mosaics are designated " • • • ". lcr 90% recovery limits 
were calculated in Section [3~2l to be equal to F225W=26.5, F275W=26.6, F336W=26.4, & F435W=26.7 mag. Detections fainter 
than these recovery limits are designated " — ". Measured photometric uncertainties, Am, are provided for each ETG. 
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Figure la: Ten-band thumbnails of the first ten ETGs listed in Table 1 ordered, from left to right, by increasing wavelength with the GOODS Object 
ID. Each image has been converted into flux units (nJy), and all are displayed with the same scale. All postage stamps are 11.2 arcseconds (128 pixels) 
on a side. Please contact the author — mjrutkow@asu.edu — for a high resolution FITS/ JPG of each galaxy 
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Redshift 

Figure 13: The redshift distribution of ETGs is plotted as a solid histogram. The redshift distribution 
of objects in the CDF-S is plotted as a dot-dashed histogram. The number of objects for which redshifts 
have been determined in the CDF-S has been scaled downwards by a factor of 75, so that both redshift 
distributions could be plotted on the same axis for comparison. The peaks in this distribution indicate large- 
scale structure in the CDF-S. Our selection of ETGs amplifies these peaks because ETGs are known to be 
more strongly clustered than field galaxies. 
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Table 2: Early-Type Galaxies Catalog, Additional Parameters 



GOODS ID X-ray/Radio AGN Note Comments 

Source? 



J033202, 


.71-274310.8 


_ 


_ 


LSB-Comp 


J033203, 


.29-274511.4 


_ 


_ 




J033205, 


.09-274514.0 


_ 


_ 


Comp 


J033205, 


.13-274351.0 


_ 


_ 


Comp 


J033206, 


.27-274536.7 


X* 


ABS 


SO 


J033206, 


,48-274403.6 






LSB-Comp 


J033206, 


.81-274524.3 


_ 


_ 


_ 


J033207, 


.55-274356.6 


_ 


_ 


_ 


J033207, 


,95-274212.1 


_ 


_ 


_ 


J033208, 


.41-274231.3 




_ 


Comp 


J033208, 


,45-274145.9 


_ 


_ 


Comp 


J033208, 


,53-274217.7 


X* 


ABS 


b-Comp 


J033208, 


,55-274231.1 


_ 


_ 


Comp 


J033208, 


,65-274501.8 


_ 


_ 


b-Comp 


J033208, 


,90-274344.3 


_ 


_ 


_ 


J033209, 


,09-274510.8 


_ 


_ 


_ 


J033209, 


,19-274225.6 


X* 


ABS 


SO 


J033210, 


,04-274333.1 


_ 




VGM 


J033210, 


,12-274333.3 


_ 


_ 


VGM 


J033210, 


,16-274334.3 


_ 


_ 


VGM 


J033210, 


,76-274234.6 




_ 


DC 


J033210, 


,86-274441.2 


_ 


_ 




J033211. 


,21-274533.4 


_ 


_ 


LSB-Comp 


J033211. 


,61-274554.1 


_ 


_ 


SO 


J033212, 


,20-274530.1 


XR* 


AGN-2,LEX 


VGM 


J033212, 


,31-274527.4 


_ 


_ 


VGM 


J033212, 


,47-274224.2 


_ 


_ 


_ 


J033214, 


,26-274254.2 


_ 


_ 


Comp 


J033214, 


,45-274456.6 


_ 


_ 


Comp 


J033214, 


,65-274136.6 


_ 


_ 


_ 


J033214, 


,68-274337.1 


_ 


_ 


SO, Comp 


J033214, 


,73-274153.3 


_ 


_ 




J033214, 


,78-274433.1 


_ 


_ 


_ 


J033214, 


,83-274157.1 


_ 


_ 


m 


J033215, 


,98-274422.9 


_ 


_ 


Comp 


J033216, 


,19-274423.1 


_ 


_ 


Comp 


J033217, 


,11-274220.9 


_ 


_ 


c, b-Comp 


J033217, 


,12-274407.7 


_ 


_ 




J033217, 


,14-274303.3 


XR* 


AGN-l.BLAGN 


LSB-Comp 


J033217, 


,49-274436.7 


_ 


_ 


_ 


J033217, 


,91-274122.7 


_ 


_ 


_ 


J033218, 


,31-274233.5 


_ 


_ 


SO, VGM 


J033218, 


,64-274144.4 


_ 


_ 


c 


J033218, 


,74-274415.8 


_ 


_ 


VGM 


J033219, 


,02-274242.7 


_ 


_ 


VGM 


J033219, 


,48-274216.8 


_ 


_ 




J033219, 


,59-274303.8 


_ 


_ 


VGM 


J033219, 


,77-274204.0 


_ 


_ 


c, LSB-Comp 


J033220, 


,02-274104.2 


_ 


_ 


LSB-Comp 


J033220, 


,09-274106.7 


_ 


_ 


Comp. 


J033220, 


,67-274446.4 


_ 


_ 


SO, Comp 


J033221, 


,28-274435.6 


XR* 


_ 


m.VGM 


J033222, 


,33-274226.5 




_ 


SO 


J033222, 


,58-274141.2 


_ 


_ 


Comp 


J033222, 


,58-274152.1 


_ 


_ 


c 


J033223, 


,01-274331.5 


_ 


_ 


Comp 


J033224, 


,36-274315.2 


_ 


_ 


c 


J033224, 


,98-274101.5 


X* 


AGN-2,LEX 


Comp 


J033225, 


,11-274425.6 






c 


J033225, 


,29-274224.2 


_ 


_ 


LSB-Comp 


J033225, 


,47-274327.6 


_ 


_ 


Comp 


J033225, 


,85-274246.1 


_ 


_ 


c,VGM 


J033225, 


,97-274312.5 


_ 


_ 


c 


J033225, 


,98-274318.9 


_ 


_ 


SO, VGM 


J033226, 


,05-274236.5 


_ 


_ 


b-Comp 


J033226, 


,71-274340.2 


_ 


_ 


Comp 


J033227, 


,18-274416.5 


_ 


_ 


S0,m 


J033227, 


,62-274144.9 


X* 


AGN-2,HEX 


SO 


J033227, 


,70-274043.7 


_ 


_ 


SO 


J033227, 


,84-274136.8 


_ 


_ 


Comp 


J033227, 


,86-274313.6 


_ 


_ 


c 


J033228, 


,88-274129.3 


- 


- 


d,Comp 


J033229, 


,04-274432.2 






c 


J033229, 


,30-274244.8 








J033229, 


,64-274030.3 








J033230, 


,56-274145.7 






m, b-Comp 


J033231, 


,84-274329.4 






c 


J033232, 


,34-274345.8 






c 


J033232, 


,57-274133.8 






c 


J033232, 


,96-274106.8 






LSB-Comp 


J033233, 


,28-274236.0 






c 


J033233, 


,40-274138.9 








J033233, 


,87-274357.6 








J033234, 


,34-274350.1 


X* 


AGN-2,LEX 


b-Comp 


J033235, 


,10-274410.7 






c,VGM 


J033235, 


,63-274310.2 






SO, Comp 


J033236, 


,72-274406.4 






SO 


J033237, 


,32-274334.3 






LSB-Comp 


J033237, 


,38-274126.2 






Comp. 


J033238, 


,06-274128.4 






b-Comp. 


J033238, 


,36-274128.4 






LSB-Comp 


J033238, 


,44-274019.6 








J033238, 


,48-274313.8 








J033239, 


,17-274026.5 






m 


J033239, 


,17-274257.7 
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Table 2:ETG Catalog, Additional Parameters (Continued) 





GOODS ID 


X-ray /Radio 
Source? 


AGN Note 


Comments 



J033239. 18-274329.0 
J033239. 52-274117. 4 
J033240. 38-274338. 3 
J033241. 63-274151. 5 
J033242. 36-274238.0 
J033243. 93-274232.4 
J033244. 97-274309.1 



Notes- 

Col. 1 : GOODS Identifier String 

Col. 2 : Galaxies identified in X-ray, Radio, or both surveys are denoted 

here by "X*", "R*" or "XR*" , respectively. 
Col. 3 : X-ray and optical spectral classification of ETGs are from 
^zokofv^^^L^ (^004). For X-ray classifications, objects are 
primarily distinguished by the hardness ratio (HR) of the X-ray 
spectrum: < 0.2 for AGN-1 (>-0.2 for AGN-2). For Optical 
classification, "BLAGN" denotes a broad-line AGN source; 
"HEX" ("LEX") indicates "high" ("low") degree of excitation; 
"ABS" denotes a typical galaxy absorption line system; for more 
details on these designations see Szokofv^^^L^ (200^). 
Col. 4- '• Comments flags: Comp —potential satellites or companion; 

b-Comp. — blue companions; LSB-Comp. — low surface brightness 
companions; c — compact; DC — Double Core; d — potential dust 
lane; SO — SO candidate; VGM — visual group member. For details 
regarding each of these designations, see Ej3.4| 



Comp 
c 
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Table 3. Model Galaxy Template Parameters 



Parameter 


Range 


t 2 


0.001 


- 13 Gyr 


h 


0.001 - 1 




0.1 - 


2.5 Z© 


E(B-V) 





- 0.5 



Note. — The parameter 
space represented in the grid of 
spectral model templates used 
to determine the (NUV-V), 
(FUV-V), (g'-r') colors is pro- 
vided here. The variable pa- 
rameters outlined here are as 
follows : t2 = time of second 
star formation burst; f<2 = frac- 
tion of stars generated in second 
burst; Z2 = stellar metallicity 
of second burst; E(B-V) = dust 
extinction parameter. For com- 
plete details of the model tem- 
plates and their star formation 
histories, see Section [5] 



Table 4. Proxy Filter List for (UV-V) Rest-Frame Color Conversions 



Redshift 


GALEX FUV Proxy 


GALEX NUV Proxy 


Sloan g x Proxy 


Sloan r' Proxy 


Johnson V Proxy 


0.30 


F225W 


F275W 


F606W 


F775W 


F775W 


0.35 


F225W 


F336W 


F606W 


F850LP 


F775W 


0.40 


F225W 


F336W 


F606W 


F850LP 


F775W 


0.45 


F225W 


F336W 


F606W 


F850LP 


F775W 


0.50 


F225W 


F336W 


F775W 


F098M 


F850LP 


0.55 


F225W 


F336W 


F775W 


F098M 


F850LP 


0.60 


F225W 


F336W 


F775W 


F098M 


F850LP 


0.65 


F225W 


F336W 


F775W 


F098M 


F850LP 


0.70 


F275W 


F435W 


F775W 


F098M 


F098M 


0.75 


F275W 


F435W 


F850LP 


F098M 


F098M 


0.80 


F275W 


F435W 


F850LP 


F098M 


F098M 


0.85 


F275W 


F435W 


F850LP 


F098M 


F098M 


0.90 


F275W 


F435W 


F850LP 


F098M 


F098M 


1.00 


F275W 


F435W 


F098M 


F125W 


F098M 


1.10 


F336W 


F435W 


F098M 


F125W 


F125W 


1.20 


F336W 


F435W 


F098M 


F125W 


F125W 


1.30 


F336W 


F606W 


F098M 


F125W 


F125W 


1.40 


F336W 


F606W 


F098M 


F125W 


F125W 
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Figure 14: Absolute and apparent magnitudes of catalog ETGs are plotted versus redshift. For clarity, 
photometric uncertainties are only overplotted if the uncertainty is greater than 0.1 mag. Upper Panel: The 
absolute F606W magnitudes were measured for the ETGs using the best-fit single burst stellar population 
model to the SED of each ETG as outlined in §3.31 We overplot the photometric completeness limits (solid 
curve), which we derived from the recovery limits (see £13. 2p . Lower Panel : In addition to the apparent 
F606W magnitudes measured for the ETGs, we overplot the apparent F606W magnitudes of a maximally 
old BC03 model galaxy with a star-formation history defined by Equation [TJ with log(r[Gyr])=— 0.3 and 
Zf=4.0. For each model, we assume no dust, solar metallicity and a Salpeter IMF. The only free parameter 
was the stellar mass of the template galaxy, which we overplot for each curve. The majority of ETGs are 
boun ded by the 10<log(M f M ])<12 curves; in comparison to published mass functions of massive galaxies 
(e.g. jMarchesini et al.ll2009[ ) this suggests that these ETGs are near or above the characteristic stellar mass. 
We provide for both panels, at right, a number histogram, corresponding to the plotted absolute (apparent) 
magnitudes. 
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Figure 15: Cutouts of six ETGs selected to represent one of each of the comment classes defined 
in Section I3.4L The galaxy, and the comment class it represents is defined as follows : J033210.0- 
274333.1 - - Visual Group Member; J033227. 1-274416.4 — Low Surface Brightness Companion 
(North-east, roughly parallel to minor axis); J033228.8-274129.3 — dust; J033236. 7-274406.4 - 
SO; J033244.9-274309.0 — compact. These images were generated using the GOODS ACS Cutout 
Tool, available online at http://archive.stsci.edu/eidol_v2.php 



Table 5: Early-Type Galaxies Catalog, Converted Photometry 





GOODS ID 


(FUV-V)p 


(FUV-V) r 


(NUV-V)p 


(NUV-V) r 


(g'-r')p 


(g'-r')r 


M F606W 


M v 








J033202. 71-274310. 8 


4.78 


5.08 
0.17 


3.34 


3.38 
0.05 


0.81 


0.43 
0.00 


-23.87 
0.00 


-23.78 


-23.93 


19.39 


18.57 


J033203. 29-274511. 4 


2.38 


2.29 
0.33 


1.88 


1.76 
0.24 


0.34 


0.41 
0.03 


-18.47 
0.07 


-18.40 


-18.53 


25.04 


24.28 


J033205. 09-274514.0 


1.94 


1.90 
0.16 


1.53 


1.50 
0.03 


0.01 


0.01 
0.06 


-19.96 
0.04 


-19.90 


-20.01 


24.42 


23.85 


J033205. 13-274351.0 


1.63 


1.61 
0.06 


1.43 


1.44 
0.02 


0.04 


0.14 
0.04 


-20.59 
0.03 


-20.57 


-20.62 


23.85 


23.10 


J033206. 27-274536. 7 


— 




4.77 


4.16 
0.58 


0.69 


0.75 
0.01 


-21.68 
0.20 


-21.52 


-21.80 


23.54 


22.85 


J033206. 48-274403. 6 


3.93 


3.90 
0.45 


— 




0.25 


0.81 
0.03 


-21.81 
0.05 


-21.67 


-21.92 


25.13 


24.18 


J033206. 81-274524. 3 


4.34 


3.85 
0.86 


3.38 


3.36 
0.10 


0.72 


0.44 
0.01 


-22.26 
0.22 


-22.15 


-22.35 


26.56 


25.41 


J033207.55-274356.6 


— 




3.25 


3.20 
0.16 


0.51 


0.32 
0.01 


-22.38 
2.23 


-22.31 


-22.45 


26.27 


25.12 


J033207. 95-274212.1 


— 


— 


3.44 


3.48 
0.25 


0.63 


0.65 
0.02 


-19.80 
0.23 


-19.67 


-19.90 


25.44 


24.87 


J033208. 41-274231. 3 


4.96 


4.80 
0.92 


4.64 


4.23 
0.74 


0.55 


0.68 
0.01 


-20.71 
0.09 


-20.56 


-20.82 


23.49 


22.73 


J033208. 45-274145. 9 


3.98 


3.92 
0.42 


3.93 


4.01 
0.15 


0.77 


0.80 
0.01 


-21.59 
0.14 


-21.43 


-21.71 


24.03 


23.46 


J033208. 53-274217.7 


4.45 


4.39 
0.45 


3.78 


3.84 
0.11 


0.69 


0.72 
0.00 


-22.23 
0.10 


-22.08 


-22.35 


23.18 


22.61 


J033208. 55-274231.1 


2.78 


2.67 
0.73 


2.40 


2.23 
0.60 


0.47 


0.59 
0.05 


-18.33 
0.35 


-18.20 


-18.44 


25.72 


24.96 


J033208. 65-274501. 8 







4.46 


4.48 
0.09 


0.14 


0.49 
0.00 


-22.48 
0.10 


-22.36 


-22.57 


23.60 


22.85 


J033208. 90-274344. 3 


2.79 


2.67 
0.28 


2.63 


2.49 
0.29 


0.25 


0.29 
0.01 


-19.67 
0.05 


-19.61 


-19.71 


23.97 


23.21 


J033209. 09-274510. 8 


1.59 


1.72 
0.29 


1.03 


1.03 
0.21 


0.56 


0.31 
0.02 


-17.26 
0.08 


-17.23 


-17.28 


25.11 


24.29 


J033209. 19-274225.6 







4.42 


4.55 
0.24 


0.72 


0.74 
0.01 


-21.36 
0.22 


-21.21 


-21.47 


24.05 


23.48 


J033210. 04-274333.1 


4.35 


4.30 
0.47 


4.42 


4.48 
0.16 


0.52 


0.36 
0.00 


-23.00 
0.19 


-22.84 


-23.12 


24.65 


23.49 


J033210. 12-274333.3 






4.54 


4.58 
0.23 


0.47 


0.31 
0.00 


-21.91 
0.26 


-21.75 


-22.02 


25.60 


24.44 


J033210. 16-274334.3 






4.38 


4.42 
0.31 


0.20 


0.65 
0.03 


-22.38 
0.34 


-22.23 


-22.50 


24.95 


24.00 


J033210. 76-274234. 6 


4.45 


4.74 
0.15 


4.04 


4.01 
0.12 


1.25 


0.74 
0.00 


-22.71 
0.01 


-22.56 


-22.82 


20.46 


19.64 


J033210. 86-274441. 2 


3.47 


3.33 
0.64 


— 




0.55 


0.60 
0.02 


-19.71 
0.04 


-19.58 


-19.80 


25.23 


24.54 


J033211. 21-274533. 4 







4.75 


3.80 
0.15 


0.47 


0.31 
0.00 


-22.60 
0.20 


-22.49 


-22.68 


25.81 


24.47 


J033211. 61-274554.1 


4.12 


4.07 
0.40 


4.42 


4.47 
0.18 


0.44 


0.29 
0.00 


-22.51 
0.21 


-22.36 


-22.62 


25.06 


23.90 


J033212. 20-274530.1 


4.40 


4.24 
0.47 


3.94 


3.49 
0.28 


0.56 


0.61 
0.01 


-22.08 
0.09 


-21.96 


-22.18 


22.86 


22.17 


J033212. 31-274527. 4 






3.42 


3.06 
0.33 


0.56 


0.61 
0.01 


-20.97 
0.18 


-20.84 


-21.06 


24.00 


23.31 


J033212. 47-274224. 2 


— 


— 


3.30 


3.30 
0.39 


1.12 


0.65 
0.00 


-19.45 
0.06 


-19.32 


-19.55 


23.61 


22.79 


J033214. 26-274254. 2 






3.03 


3.07 
0.18 


0.14 


0.46 
0.11 


-19.82 
0.19 


-19.71 


-19.91 


25.45 


24.70 


J033214. 45-274456. 6 


— 


— 


4.65 


4.82 
0.79 


0.56 


0.59 
0.02 


-20.03 
0.06 


-19.90 


-20.13 


25.29 


24.72 


J033214. 65-274136. 6 






3.64 


3.68 
0.15 


0.74 


0.45 
0.01 


-22.48 
0.32 


-22.34 


-22.59 


26.56 


25.41 


J033214. 68-274337.1 


2.54 


2.53 
0.23 


2.20 


2.30 
0.05 


0.07 


0.27 
0.06 


-20.53 
0.06 


-20.45 


-20.60 


25.01 


24.06 


J033214. 73-274153. 3 










1.17 


0.65 
0.00 


-19.58 
0.07 


-19.47 


-19.67 


23.97 


23.15 


J033214. 78-274433.1 






4.65 


4.82 
0.56 


0.69 


0.72 
0.02 


-20.46 
0.05 


-20.31 


-20.58 


25.00 


24.43 


J033214. 83-274157.1 










0.50 


0.55 
0.01 


-20.71 
0.09 


-20.59 


-20.81 


24.08 


23.39 


J033215. 98-274422. 9 


4.51 


4.46 
0.74 


3.19 


3.21 
0.06 


0.50 


0.53 
0.01 


-21.52 
0.06 


-21.42 


-21.61 


23.44 


22.87 


J033216. 19-274423.1 


3.02 


3.25 


3.17 


3.17 


1.10 


0.64 


-19.21 


-19.09 


-19.30 


23.82 


23.00 



Table 5: ETG Catalog, Converted Phot. (Continued) 

GOODS ID (FUV-V) p (FUV-V) r (NUV-V) p (NUV-V) r (g'-r')p (g'-r')r M F606 w % ™V rn^T 

(Error) (Error) (Error) 
032" DTUD CHUB" 



J033217. 11-274220. 


9 


0.37 


0.28 
0.09 


0, 


,67 






,58 
.03 


0.76 






.51 
.04 


-18.85 
0.15 


-18 


,84 


-18, 


,84 


26 


.34 


25.00 


J033217. 12-274407. 


7 






3 


,97 


4 



,06 
.27 


0.61 






.01 


-20.29 
0.25 


-20 


,15 


-20 


,39 


25 


.07 


24.50 


J033217. 14-274303, 


3 


3.62 


3.47 
0.12 


2 


,84 


2 



.67 
.07 


0.44 






.52 
.00 


-21.64 
0.02 


-21, 


,53 


-21 


,73 


22 


.31 


21.55 


J033217. 49-274436, 


,7 


3.85 


3.79 
0.44 


3 


,45 


3 



.12 


0.56 






.59 
.01 


-21.57 
0.11 


-21, 


,45 


-21 


,67 


23 


.49 


22.92 


J033217. 91-274122, 


.7 


4.71 


4.65 
1.07 


4. 


,92 


4 



.91 
.41 


0.49 






.32 
.00 


-22.21 
0.48 


-22 


,07 


-22 


,32 


25 


.39 


24.23 


J033218. 31-274233, 


5 


3.96 


3.82 
0.19 


4. 


,72 


4 



.30 
.41 


0.49 






.60 
.00 


-21.94 
0.04 


-21 


,80 


-22 


,05 


22 


.06 


21.30 


J033218. 64-274144, 


,4 






3 


.91 


4 



.00 
.44 


0.73 






.45 
.01 


-20.80 
0.37 


-20 


,67 


-20 


,91 


28 


.43 


27.28 


J033218. 74-274415, 


,8 


4.28 


4.14 
0.40 


4 


,03 


3 



.69 
.35 


0.44 






.55 
.01 


-21.00 
0.06 


-20 


,87 


-21 


,11 


22 


.90 


22.14 


J033219. 02-274242, 


,7 







3 


,55 


3 



.67 
.17 


0.43 






.28 
.01 


-21.62 
0.20 


-21, 


,47 


-21 


,73 


25 


.66 


24.50 


J033219. 48-274216, 


,8 


3.88 


4.16 
0.28 


3 


,59 


3 



.58 
.30 


1.12 






.70 
.00 


-20.93 
0.03 


-20, 


,79 


-21 


,03 


21 


.68 


21.08 


J033219. 59-274303, 


,8 


4.11 


4.06 
0.32 


3 


,76 


3 



.82 
.09 


0.56 






.58 
.00 


-21.94 
0.09 


-21 


,83 


-22 


,03 


23 


.27 


22.70 


J033219. 77-274204, 









3 


,68 


3 



.38 


0.43 






.28 
.01 


-20.85 
0.43 


-20 


,73 


-20 


,95 


26 


.61 


25.45 


J033220. 02-274104, 


2 


3.90 


3.76 
0.48 


3 


,82 


3 



.40 
.34 


0.66 






.71 
.01 


-21.37 
0.19 


-21, 


,22 


-21 


,49 


23 


.95 


23.26 


J033220. 09-274106, 


,7 


4.60 


4.09 
0.61 


4 


,22 


4 



.39 
.14 


0.76 






.47 
.00 


-23.20 
1.67 


-23 


,05 


-23 


,31 


26 


.33 


25.18 


J033220. 67-274446, 


,4 


3.55 


3.50 
0.30 


3 


,94 


4 



.03 
.15 


0.69 






.71 
.01 


-21.56 
0.14 


-21 


,41 


-21 


,68 


23 


.76 


23.19 


J033221. 28-274435, 


6 


5.73 


5.54 
0.54 


4. 


,93 


4 



.51 
.26 


0.63 






.73 
.00 


-22.61 
0.03 


-22 


,46 


-22 


,72 


22 


.09 


21.40 


J033222. 33-274226, 


5 














0.51 






.35 
.01 


-21.56 
0.09 


-21 


,41 


-21 


,68 


26 


.22 


25.06 


J033222. 58-274141. 


2 








4, 


23 


3 



,42 


0.47 






,58 
,00 


-20.90 
0.06 


-20, 


,77 


-21, 


01 


22 


,98 


22.22 


J033222. 58-274152. 


1 





z 










0.07 






,08 
,08 


-17.31 
0.18 


-17, 


29 


-17, 


32 


25 


,90 


25.14 


J033223. 01-274331. 


5 





z 


4, 


70 


4. 



,88 
.39 


0.67 






,01 


-21.04 
0.35 


-20, 


91 


-21, 


15 


24 


,37 


23.80 


J033224. 36-274315. 


2 


1.55 


1.31 
0.19 


0, 


37 






,33 
,02 


0.38 






,25 
,02 


-19.37 
0.09 


-19, 


38 


-19, 


35 


25 


,66 


24.32 


J033224. 98-274101. 


5 


3.80 


3.64 
0.28 


2, 


56 


2 



,42 
,10 


0.52 






.63 
,01 


-21.24 
0.03 


-21, 


11 


-21, 


33 


23 


,05 


22.29 


J033225. 11-274425. 


6 


1.35 


1.14 
0.25 


1. 


25 


1 




,06 
,05 


0.20 






.13 
,02 


-19.79 
0.12 


-19, 


74 


-19, 


,82 


26 


,39 


25.05 


J033225. 29-274224. 


2 







3, 


.84 


3 



.59 
,37 


0.27 






.31 
.01 


-20.16 
0.03 


-20, 


13 


-20, 


20 


23 


,63 


22.94 


J033225. 47-274327. 


6 






4, 


00 


3 



,54 
.21 


0.64 






,70 
,00 


-22.77 
0.11 


-22, 


62 


-22, 


,89 


22 


,52 


21.83 


J033225. 85-274246. 


1 







— 


3, 


.71 


3 



,00 
,24 


0.62 






,42 
,02 


-21.43 
0.32 


-21, 


33 


-21 


,52 


26 


,27 


25.00 


J033225. 97-274312. 


5 














0.16 
0.12 






,54 
.19 


-19.98 


-19 


,84 


-20 


,09 


27 


.16 


26.21 


J033225. 98-274318. 


9 






4. 


,62 


3 



,71 
.24 


0.50 






,33 
.00 


-21.92 
0.33 


-21 


,80 


-22 


,02 


26 


.61 


25.27 


J033226. 05-274236, 


.5 














1.14 






.82 
.02 


-21.47 
0.42 


-21 


,29 


-21 


,60 


28 


.16 


26.89 


J033226. 71-274340, 


2 


4.53 


4.36 
0.69 










0.50 






.59 
.01 


-20.58 
0.10 


-20 


,45 


-20 


,69 


23 


.72 


22.96 


J033227. 18-274416, 


5 


5.20 


5.02 
0.39 


4, 


,47 


4 



.14 
.21 


0.47 






.55 
.00 


-23.18 
0.02 


-23 


,06 


-23 


,27 


21 


.11 


20.42 


J033227. 62-274144, 


9 


3.11 


2.99 
0.13 


3 


,64 


3 



.25 
.21 


0.38 






.43 
.00 


-21.40 
0.03 


-21 


,28 


-21 


.49 


23 


.28 


22.59 


J033227. 70-274043, 


7 






4. 


,62 


4 



.63 
.19 


0.23 






.76 
.03 


-22.34 
0.21 


-22 


,20 


-22 


,44 


24 


.60 


23.65 


J033227. 84-274136, 


.8 


3.36 


3.32 
0.44 


3 


,92 


4 



.03 
.21 


0.47 






.31 
.01 


-22.40 
0.24 


-22 


,25 


-22 


,50 


24 


.97 


23.81 


J033227.86-274313, 


6 






2 


,60 


2 


.46 


0.88 





.54 


-21.05 


-20 


,91 


-21 


.16 


26 


.87 


25.72 



Table 5: ETG Catalog, Converted Phot. (Continued) 



GOODS ID 


(FUV-V) p 


(FUV-V) r (NUV-V) p 


(NUV-V) r 


(g'-r')p 


(g'-r') r 


M F606W 


M v 


M r , 


m v 






(Error) 


(Error) 




(Error) 















J033228, 


.88-274129 


.3 


5.57 


5, 
1 


,51 
,07 


3, 


.94 


4 



.02 
.09 


0, 


69 






.71 
.00 


-22.41 
0.09 


-22 


.26 


-22 


.53 


23 


.09 


22.52 


J033229, 


04-274432 


,2 


— 














1. 


07 






.71 
.02 


-21.03 
0.10 


-20 


.85 


-21 


.16 


28 


.55 


27.21 


J033229, 


.30-274244 


,8 


2.85 


2, 



.84 
,39 


2. 


,68 


2 



.75 
.11 


0. 


,25 






.82 
.08 


-20.39 
0.12 


-20 


.26 


-20 


.49 


25 


.49 


24.74 


J033229, 


.64-274030 


,3 


2.54 


2, 



19 

,28 


2. 


92 





.37 
.09 


0. 


38 






.25 
.01 


-20.95 
0.14 


-20 


.86 


-21 


.02 


26 


.09 


24.82 


J033230, 


.56-274145 


,7 


2.51 


2, 



,15 


2. 


07 





.09 
.04 


0. 


10 






.33 
.04 


-20.97 
0.05 


-20 


.89 


-21 


.04 


24 


.04 


23.29 


J033231, 


,84-274329 


,4 


— 














0. 


49 






.32 
.02 


-20.97 
0.12 


-20 


.82 


-21 


.08 


26 


.26 


25.10 


J033232, 


,34-274345 


,8 


2.27 


2, 



24 
,35 


1. 


76 


1 




.91 
.08 


0. 


28 






.17 
.02 


-19.88 
0.10 


-19 


.82 


-19 


.94 


26 


.01 


24.85 


J033232, 


,57-274133 


,8 


— 






0. 


94 






.87 
,14 


0. 


02 






.03 
.13 


-17.42 
0.21 


-17. 


42 


-17 


.42 


26 


.43 


25.86 


J033232, 


,96-274106 


,8 


1.97 


2, 



.14 
,07 


1. 


72 


1. 




,79 
.07 


0. 


73 






.38 
.00 


-20.03 
0.02 


-19 


.97 


-20 


.08 


22 


.97 


22.15 


J033233, 


,28-274236 


,0 


— 






4. 


19 


3 



,38 
,55 


0. 


69 






.46 
.03 


-20.39 
0.85 


-20. 


23 


-20 


.51 


28 


.79 


27.45 


J033233, 


,40-274138 


,9 


3.53 


3, 



49 


3. 


09 


3 



.05 


0. 


.41 






.00 


-22.45 
0.06 


-22 


.34 


-22 


.53 


24 


.50 


23.34 


J033233, 


,87-274357, 


,6 


3.44 


3, 



42 
,40 


4. 


01 


4. 



.06 
.23 


0. 


23 






.73 
.03 


-21.31 
0.25 


-21 


.17 


-21 


.42 


25 


.70 


24.75 


J033234, 


,34-274350 


.1 


3.31 


3, 



19 

,28 


2. 


66 





.14 


0. 


52 






.58 
.01 


-21.75 
0.09 


-21 


.62 


-21 


.85 


23 


.01 


22.32 


J033235, 


,10-274410 


,7 


2.40 


2, 



38 
,32 


1. 


,57 


1. 



.59 
.06 


0. 


17 






.55 
.13 


-20.69 
0.08 


-20 


.57 


-20 


.79 


24 


.40 


23.65 


J033235, 


,63-274310 


,2 


4.90 


4, 
1. 


37 
,10 


4. 


30 


3 



.47 
.14 


0. 


56 






.39 
.00 


-22.88 
0.19 


-22 


.73 


-22 


.99 


25 


.61 


24.34 


J033236, 


,72-274406 


,4 


2.97 


2, 



.86 
.23 


3. 


30 





.97 


0. 


56 






.61 
.01 


-21.09 
0.07 


-20 


.96 


-21 


.19 


23 


.66 


22.97 


J033237, 


,32-274334 


,3 


4.42 


4, 



.96 


2. 


96 


2 



.68 
.21 


0. 


62 






.67 
.01 


-21.29 
0.11 


-21 


.15 


-21 


.40 


23 


.63 


22.94 


J033237, 


,38-274126 


,2 


6.15 


5, 



,98 
.81 


4. 


96 


4. 



.32 
.23 


0. 


63 






.69 
.00 


-23.26 
0.05 


-23 


.10 


-23 


.37 


21 


.89 


21.20 


J033238, 


,06-274128 


,4 


5.11 


4, 
1. 


95 
,04 


3. 


73 


3 



.33 
.26 


0. 


.67 






.72 
.01 


-21.82 
0.21 


-21 


.66 


-21 


.94 


23 


.38 


22.69 


J033238, 


,36-274128 


,4 


4.36 


4, 



33 
,79 


3. 


.85 


3 



.88 
.17 


0. 


17 






.58 
.04 


-21.33 
0.18 


-21 


.22 


-21 


.42 


24 


.34 


23.59 


J033238, 


,44-274019 


,6 


— 






4. 


26 


4 



.33 
.32 


0. 


,51 






.35 
.01 


-22.17 
0.36 


-22. 


02 


-22 


.28 


25 


.36 


24.20 


J033238, 


,48-274313 


,8 


3.42 


3, 



,67 


2. 


,48 





.30 


0. 


55 






.00 


-19.88 
0.03 


-19 


.83 


-19 


.91 


22 


.77 


21.95 


J033239, 


,17-274026 


,5 


3.68 


3, 



63 
,25 


3. 


,47 


3 



.53 
.08 


0. 


12 






.35 
.04 


-21.94 
0.08 


-21 


.83 


-22 


.03 


23 


.42 


22.85 


J033239, 


,17-274257 


,7 


5.12 


5, 



.41 


4. 


18 


4. 



.14 
.24 


1. 


.19 






.70 
.00 


-22.19 
0.02 


-22 


.05 


-22 


.30 


20 


.92 


20.10 


J033239, 


,18-274329 


,0 


3.50 


3, 



06 
.76 










0. 


60 






.41 
.02 


-21.36 
0.17 


-21. 


22 


-21 


.46 


26 


.82 


25.55 


J033239, 


,52-274117 


,4 








4. 


78 


4. 



.79 
.33 


0. 


,47 






.32 
.00 


-22.11 
0.38 


-21. 


,97 


-22 


.21 


25 


.44 


24.28 


J033240, 


,38-274338 


,3 


3.47 


3, 



03 
.47 


3. 


26 


2 



.64 
.09 


0. 


,47 






.32 
.01 


-22.39 
0.15 


-22 


,27 


-22 


.48 


25 


.36 


24.09 


J033241, 


,63-274151 


,5 








3. 


10 


2 



.07 


0. 


73 






.41 
.00 


-23.05 
0.16 


-22. 


95 


-23 


.14 


25 


.37 


24.48 


J033242, 


,36-274238 


,0 


5.32 


5, 



.14 


5. 


31 


4. 



.83 


0. 


52 






.63 
.00 


-22.24 
0.06 


-22 


,10 


-22 


.36 


22 


.18 


21.42 


J033243, 


,93-274232 


,4 


4.62 


4, 



.11 
.80 


4. 


,88 


3 



.25 


0. 


.91 






.64 
.00 


-22.77 
0.34 


-22 


.59 


-22 


.90 


26 


.21 


24.94 


J033244, 


,97-274309 


.1 
















0. 


,86 






.04 


-18.31 
0.35 


-18 


,15 


-18 


.43 


25 


.44 


24.62 



Notes: Subscripts on column headings designate whether the colors are observed ("p"— proxy) or rest-frame ("r"). Galaxies that were SExtractor detections 
but fell below the 90%1-cr completeness limits (see A3. 21 ) in one or more filters used in the transformation are denoted " — ". ETGs which were 
SExtractor non-detections in the blue proxy band are denoted " ■ ■ ■ "(see |2j. The uncertainties, Am, reported for rest-frame quantities include 
measured photometeric and systematic uncertainties (see fl3.2| and[oT). 
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Table 6. WFC3 UVIS estimated red-leak* for model ETGs 



Filter 


BC03 


cww 


F336W 


0.2% 


2.9xl0- 2 % 


F275W 


1.2% 


0.15% 


F225W 


3.5% 


0.26% 



tThe red-leak is defined in ^A] 
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Time since z f =4 
11 10 9 8 7 6 5 4 3 
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1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 r 

I NUV ■ Galex NUV 




0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

Redshift 

Figure 16: Upper Panel : The observed (NUV-V) colors of the catalog of ETGs in the ERS field. We 
calculate the observed colors by differencing the observed photometry for the combination of WFC/ACS 
filters that most closely matches that region of spectrum assessed by the NUV and Johnson V filters, 
respectively (see Table 2]). On the upper abscissa, we provide the time (Gyr) since Zf=4.0 for reference 
see text. Bottom Panel : The (NUV-V) res t colors of the final catalog of ETGs. We plot photometric and 
systematic (associated with the transformation function, see ^5j) uncertainties for all detected ETGs. We plot 
ETGs detected in Radio and/or X-ray surveys of the GOODS-S field with an "asterisk" (*). Photometric 
upper limits, defined by the recovery limits discussed in §3.2[ are overplotted as downward-pointing arrows. 
We plot the colors of three, maximally old simple stellar evolution models derived from BC03, assuming a 
fixed redshift of formation (zf = 4.0), and a star- formation history defined by Equation [T] with log(r[Gyr])~ 
1.1 (Blue), —0.3 (Green) and —2.0 (Red). Note that the low redshift evolution of the (NUV-V) res t color is 
an empirical fit to the UVX in quiescent ETGs at this redshift, and is not motivated by a physical theory of 
the stellar sources of the UVX. 
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11 10 9 8 7 6 5 



^ V-V Si 

l s 


• 

i ... i ... i ... i 


I FUV= Galex FUV 
_ V ■ Johnson V 
- z f =4.0 


• lOgT=1J- 


~ , . • 

f -J .'fill") \i '\\ 

-ftcC 1399 ^ JjT | / Jii-^ r 
NP.r i^oa ~" — ^cr — ^ / — *~ i^«*i-=_on" 


7M32 





I 
" 2 



> 
I 

g 4 



8 


M 

£ 

P 2 
I 

> 4 
D 

fe, 6 



8 - 



0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

Redshift 



Figure 17: Proxy (Upper Panel) and (FUV-V) res t (Bottom Panel) colors, and model tracks as in Figure 
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• 1.0 < z £ 1.5 
0.5 < z £ 1.0 

• 0.35 < z < 0.5 J 
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Figure 18: Upper Panel : The (NUV-V) res t and (g f — r') rest colors of the ETGs are plotted. Bottom 
Panel : The (FUV-V) res t and (g' — r f ) rest colors of the catalog ETGs are plotted. The conversion between 
the observed and rest-frame colors of the ETGs is outlined in ^5) All data are color-coded according to the 
redshift-color scheme defined in the bottom p anel. The span of rest -frame colors in these panels likely indi- 
cates recent star-formation in many ETGs (cf. iKavirai et aHl2QQ7bh - Paper II will model the star-formation 
histories of the ETGs in more detail. 
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Figure 19: The (g' — r') rest colors of the ETGs. For clarity, error bars are overplotted only for ETGs with 
measured (photometric and systematic) uncertainties greater than 0.01 mag. The broadband SED-fitting 
method for determining the absolute magnitudes is outlined in §3.31 See £0 for full details of the color 
transformation that we use to calculate the colors and photometric completeness limits plotted. 
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Figure 20: WFC3 UVIS filter response curves. The total throughput for the F225W, F275W, and 
F336W filters are shown here. The inset in each panel illustrates the transmission of each filter 
at the wavelengths where the red-leak is most severe. Note: the range differs between each panel. 
Using the BC03 and CWW template spectra, we estimate that for a typical ETG at 0.35 < z < 1.5 
the red-leak is R <3%. For more details, see Appendix lAl and Table EH 



